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(54) POLYBENZAZOLE COMPOUND HAVING SULFO GROUP AND/OR PHOSPHONO GROUP, 
RESIN COMPOSITION CONTAINING THE SAME, MCDLDED RESIN, SOLID POLYMER 
ELECTROLYTE FILM, SOLID ELECTROLYTE FILM/ELECTRODE CATALYST LAYER 
COMPOSITE, AND PROCESS FOR PRODUCING THE COMPOSITE 



(57) An object of the present invention Is to obtain a 
novel polymeric material capable of fonmlng a solid pol- 
ymer electrolyte excellent not only in processablllty, sol- 
vent resistance and durability/stability but also in Ion. 
conductivity by Introducing sulfonic acid group or phos- 
phonic acid group into a polybenzazole compound hav- 
ing excellent properties in view of heat resistance, sol- 
vent resistance, mechanical characteristics and the like. 

Means attaining the object of the present invention 
Is a polybenzazole compound Including an aromatic di- 
carboxyllc acid bond unit having sulfonic acid group and/ 
or phosphonic acid group and satisfying either a condi- 



tion that Inherent viscosity measured in concentrated 
sulfuric acid is in the range of 0.25 to 10 dl/g or a con- 
dition that Inherent viscosity measured in a methanesul- 
fonic acid solution is In the range of 0.1 to 50 dl/g. 

The object of the present invention can be attained 
also by a resin composition containing the aforemen- 
tioned polybenzazole compound, a resin molding, a sol- 
id polymer electrolyte membrane, a solid polymer elec- 
trolyte membrane/electrode assembly and a method of 
preparing the solid polymer electrolyte membrane/elec- 
trode assembly. 
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Description 




Technical Field 

[0001] The present invention relates to a polybenzazole compound having sulfonic acid group and/or phosphonic 
acid group useful as a solid polymer electrolyte mennbrane, a resin composition containing the same, a resin molding, 
a solid polymer electrolyte membrane, a solid polymer electrolyte membrane/electrode assembly and a method of 
preparing the assembly. 

Background Art 

[0002] At present, fuel cell is watched with interest as a candidate for the power generation system friendly to the 
terrestrial environment substituting for thermal power generation. The fuel ceil is not the kind of the so-called dry cell 
or storage cell used by storing electricity. While water generates hydrogen and oxygen when electrically hydrolyzed, 
the fuel cell utilizes a principle reverse thereto. In other words, the fuel cell is a new power generation system directly 
converting chemical energy to electric energy by electrochemical reaction of hydrogen and oxygen through a catalyst 
or the like. 

[0003] The fuel cell is not restricted by the Carnot cycle since the same is a power generation system directly con- 
verting chemical energyto electric energy, and theoretically has remarkably superior generation efficiency as compared 
with thermal power generation since the same causes neither heat transfer loss nor mechanical loss. However, even 
the fuel cell cannot entirely convert thermal energy obtained in combustion, i.e., change of enthalpy (denoted by AH) 
to electric energy but can merely convert change of Gibbs free energy (denoted by AG) to electric energy. 
[0004] In practice, theoretically possible maximum efficiency (theoretical efficiency) of a fuel cell fueled by hydrogen 
is: 

Hg (gas) + I/2O2 (gas) -^HgO (liquid) 

AH = ,-285.83 kJ/mol 
AG = -237.13 kJ/mol 
Hence, 

AG/AH X 100 = 82.9% 

[0005] Thus, the theoretical efficiency of the fuel cell exhibits a high value by far exceeding the theoretical efficiency 
of a heat engine shown by the Carnot cycle. Similarly, the theoretical efficiency exhibits a value exceeding 90 % also 
when the fuel cell is fueled by methane or alcohol. 

[0006] However, it Is difficult to approach the theoretical efficiency In an actual fuel cell at the present stage. The 
reason for this is that various energy loss takes place in the fuel cell and a supplemental apparatus for the fuel cell 
and the energy is discharged from the fuel cell as thermal energy. 

[0007] At present, loss in the fuel cell is the maximum loss in the power generation system formed by the fuel cell, 
and the power generation efficiency of the fuel cell can be remarkably improved by reducing such loss. 
[0008] For the aforementioned reason, active research and development are performed in various fields, to develop 
various types of fuel cells such as phosphoric acid-, solid polymer-, molten carbonate- and solid electrolyte-type cells, 
[0009] Among these fuel cells, the solid polymer electrolyte fuel cell (also abbreviated as PEFC) operating at a lower 
temperature as compared with other types of fuel cells has small constraint In the materials used such that the same 
can be prepared from a low-priced material such as plastic, carbon or stainless steel for readily reducing the cost, and 
is gathering Interests. Further, the PEFC can be miniaturized as compared with other types of fuel cells and is suitable 
to a mobile power source or a small capacity power source." 

[0010] The history of development of the-PEFG was first started by General Electric, U.S.A., in the latter half of 
1 950s, and a fuel cell utilizing hydrogen/oxygen having output power of 1 kW was embarked on the spaceship Gemini 
in the first half of 1 960s. While the polymer electrolyte membrane used at the beginning was a polystyrene membrane 
of which chemical durability was poor, the chemical durability of the PEFC has been remarkably improved by the 
fluoropolymer electrolyte membrane "Nafion (R)" developed by Du Pont, U.S.A. for fuel cells in the space development 
project of NASA, and development of the PEFC was stimulated. At present, application of the PEFC to automobiles 
or domestic use thereof is mainly studied rather than conventional space or military use. 

[0011] The polymer electrolyte membrane fonning the heart of the PEFC serves as a kind of ion-exchange mem- 
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[0021] An object of the present invention is to obtain a novel polymeric material capable of providing a solid polymer 
electrolyte excellent not only in processability, solvent resistance and durability/stability but also in ion conductivity by 
introducing sulfonic acid groups or phosphonic acid groups into a polybenzazole compound having excellent properties 
in heat resistance, solvent resistance, mechanical characteristics and the like, 

[0022] The inventors have made deep study in order to attain the aforementioned object, to find that a specific poly- 
benzazole compound containing sulfonic acid groups or phosphonic acid groups exhibits excellent processability, du- 
rability, solvent resistance, mechanical properties and ion conductivity, and obtained a novel polymeric material satis- 
fying the object of the present invention. 

[0023] A first aspect of the present invention is a polybenzazole compound including an aromatic dicarboxylic acid 
bond unit having sulfonic acid group and/or phosphonic acid group and satisfying either a condition that inherent vis- 
cosity measured In concentrated sulfuric acid is in the range of 0,25 to 10 dl/g or a condition that inherent viscosity 
measured in a methanesulfonic acid solution is in the range of 0.1 to 50 dl/g. 

[0024] A second aspect of the present invention is the polybenzazole compound according to the first aspect, in- 
cluding the aromatic dicarboxylic acid bond unit having sulfonic acid group and/or phosphonic acid group with a ben- 
zazole bond unit bonded by random polymerization and/pr alternating polymerization and satisfying either the condition 
that inherent viscosity measured in concentrated sulfuric acid is in the range of 0.25 to 10 dl/g or the condition that 
inherent viscosity measured in a methanesulfonic acid solution is in the range of 0.1 to 50 dl/g. 

[0025] A third aspect of the present invention is the polybenzazole compound according to the first aspect, charac- 
terized in that conductivity obtained by measuring complex impedance when applying a voltage of 10,000 Hz in fre- 
quency under conditions of 80**C and 95 % RH is In the range of 0.01 to 1 .0-S/cm. 

[0026] A fourth aspect of the present invention is the polybenzazole compound according to the third aspect, including 
a benzoxazole bond unit and/or a benzthiazole bond unit and including the aromatic dicarboxylic acid bond unit having 
at least one sulfonic acid group in molecules, characterized in that the inherent viscosity measured in a methanesulfonic 
acid solution is in the range of 0.1 to 50 dl/g and the conductivity obtained by measuring complex impedance when 
applying the voltage of 1 0,000 Hz in frequency under the conditions of 80**C and 95 % RH is in the range of 0.3 to 1 .0 
S/cm:' 

[0027] A fifth aspect of the present invention is the polybenzazole compound according to the fourth aspect, including 
bond units expressed in the following formulas (1) and (2) in a molar ratio x\^^.{^ - n^) as components, with the molar 
ratio satisfying an expression 0.5 < n"" < 1 .0: 
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Where m*" represents an integer of 1 to 4, B"" represents a bivalent aromatic bond unit and each of A*" and A^ represents 
a bivalent bond unit expressed in either one of the following formulas (3) and (4) in each of the formulas (1) and (2). 
A"" and A^ may be identical to or different from each other: 
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[0033] An eleventh as^^^pf the present invention is the polybenzazole com^^^f according to the eighth aspect, 
characterized in that conductivity obtained by measuring complex impedance when applying a voltage of 10,000 Hz 
in frequency under conditions of 80*»C and 95 % RH is in the range of 0.01 to 1 .0 S/cm. 

[0034] A twelfth aspect of the present invention is the polybenzazole compound according to the fourth aspect. 
Including a benzoxazole bond unit and the aromatic dicarboxylic acid bond unit having a sulfonic acid group, charac- 
terized in that solubility in dimethylsulfoxide under a condition of 40°C is at least 1 % (w/w). 

[0035] A thirteenth aspect of the present invention is the polybenzazole compound according to the twelfth aspect, 
including bond units expressed in the following fonrnulas (9) and (10) in a molar ratio n^:(^ - n^) as components, char- 
acterized in that the molar ratio satisfies an expression 0.85 < n^ < 1 .0 and sulfonic acid groups in the form of alkaline 
metal salts are in the range of 0 to 1 0 mol % among all sulfonic acid groups: 
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where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following formulas (11) and (12) in each of the formulas (9) and 
(10). A^ and A^ may be identical to or different from each other. 



30 




(11) 



35 



40 




(12) 



45 



[0036] A fourteenth aspect of the present invention is the polybenzazole compound according to the first aspect, 
having at least 1 .5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules, characterized in that 
reduction of mass is in the range of 0 to 5 % (w/w) when Immersed in water" of 25°C for 72 hours. 
[0037] A fifteenth aspect of the present invention Is the polybenzazole compound according to the fourteenth aspect, 
including bond units expressed in the following fonnulas (13) and (14) in a molar ratio n'*:(1- n^-) as components, with 
the molar ratio satisfying an expression 0.4 < n^ ^ 1 .0: 



50 



55 



(S03H)n,4 




A^-^ (13) 



n 



7 



BN/SDOC I D: < E P 1 354907A1 J_> 



EP 1 354 907 A1 



10 



15 



(14) 
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where X represents either S atom or O atom in each of the fonnulas (19) and (20). 

[0041] A nineteenth aspect of the present invention Is the polybenzazole compound according to the eighteenth 
10 aspect, characterized in that conductivity obtained by measuring complex impedance when applying a voltage of 1 0,000 
Hz In frequency under conditions of 80*C and 95 % RH is in the range of 0.3 to 1 .0 S/cm. 

[0042] A twentieth aspect of the present invention is the polybenzazole compound according to the third aspect, 
characterized in that a 3 % mass reduction temperature Is in the range of 370 to 550**C with reference to mass upon 
temperature rise to 200°C in thermogravimetric analysis. 
15 [0043] A twenty-first aspect of the present invention is the polybenzazole compound according to the first aspect, 
including the aromatic dicarboxyllc acid bond unit having phosphonic acid group, characterized in that a 3 % mass 
reduction temperature is in the range of 400 to SSO^'C with reference to mass upon temperature rise to 200^*0 In 
thermogravimetric analysis. 

[0044] A twenty-second aspect of the present invention is the polybenzazole compound according to the twenty-first 
20 aspect, characterized in that solubility in N-methylpyrrolidone under a condition of 170**C is at least 5 % (w/w). 

[0045] A twenty-third aspect of the present invention is the polybenzazole compound according to the twenty-second 
aspect, characterized in that conductivity obtained by measuring complex impedance when applying a voltage of 1 0,000 

Hz in frequency under conditions of 80°C and 95 % RH is in the range of 0.001 to 1 .0 S/cm. 

[0046] A twenty-fourth aspect of the present invention is the polybenzazole compound according to the first aspect, 
25 including bond units expressed in the following formulas (21) and (22) in a molar ratio n^:(1 - n^) as components, with 
the molar ratio satisfying an expression 0.2 < n® ^ 1 .0: 
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45 where m® represents an integer of 1 to 4, Ar represents an aromatic bond unit, X"" represents at least one selected 
from a group consisting of -0-, - SO2-, -C(CH3)2-, '^(^^3)2~ -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the formulas (21 ) and (22). 

[0047] A twenty-fifth aspect of the present Invention Is the polybenzazole compound according to the third aspect, 
including bond units expressed In the following fonnulas (23) and (24) in a molar ratio n^:(1 -n^) as components, with 
50 the molar ratio satisfying an expression 0.2 < n^ < 1 .0: 
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where represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected 
10 from a group consisting of -0-, -SO2-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the fomnulas (27) and (28). 

[0050] A twenty-eighth aspect of the present invention is the polybenzazole compound according to the twentieth 
aspect, Including bond units expressed in the following formulas (29) and (30) in a molar ratio n''0:(1-niO) as compo- 
nents, with the molar ratio satisfying an expression 0.2 < n^^ < 1 q. 




55 where m'^o represents an integer of 1 to 4, Ar represents an aromatic bond unit, X"* represents at least one selected 
from a group consisting of -0-, -SOg-, -C(CH3)2-. -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the fomiulas (29) and (30). 

[0051] A twenty-ninth aspect of the present invention is the polybenzazole compound according to the first aspect, 
including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 

40 [0052] A thirtieth aspect of the present invention is the polybenzazole compound according to the sixth aspect, in- 
cluding the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0053] A thirty-first aspect of the present invention is the polybenzazole compound according to the seventh aspect, 
including the aromatic dicarboxylic acid bond- unit having phosphonic acid group and containing no fluorine atom. 
[0054] A thirty-second aspect of the present invention is the polybenzazole compound according to the eighth aspect, 

45 including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 

[0055] A thirty-third aspect of the present invention Is the polybenzazole compound according to the eleventh aspect, 
including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0056] A thirty -fourth aspect of the present invention is the polybenzazole compound according to the seventeenth 
aspect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 

50 atom. 

[0057] A thirty-fifth aspect of the'present Invention is the polybenzazole compound according to the twenty -first as- 
pect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0058] A thirty-sixth aspect of the present invention is the polybenzazole compound according to the twenty-second 
aspect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 
55 atom. 

[0059] A thirty-seventh aspect of the present invention is the polybenzazole compound according to the twenty-third 
aspect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 
atom. 
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a further bond unit fomniij^j^ inventive polybenzazole compound are preferal:!^^lided by random polymerization 
and/or alternating polymenzation. Further, the polymerization form of these units is not restricted to one type but at 
least two types of polymerization forms may coexist in the same compound. 

5 <Polybenzazole Compound> 

[0072] It Is assumed that the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid 
group denotes at least one selected from a group consisting of polybenzimidazole compounds, polybenzoxazole com- 
pounds and polybenzthiazole compounds having sulfonic acid group and/or phosphonic acid group. 

10 [0073] While the path for synthesizing such a compound is not particularly restricted, the compound can be synthe- 
sized by reaction between at least one compound selected from a group consisting of aromatic tetramines, aromatic 
diaminedlols and aromatic diaminedithiols capable of forming imidazole rings, oxazole rings or thiazole rings in the 
compound and derivatives thereof and at least one compound selected from a group consisting of aromatic dicarboxyHc 
acid and a derivative thereof in general. 

15 [0074] When partially mixing aromatic dicarboxylic acid having sulfonic acid group and/or phosphonic acid group 
and/or a derivative thereof into the used aromatic dicarboxylic acid and/orthe derivative thereof, the sulfonic acid group 
and/or the phosphonic acid group can be introduced into the obtained polybenzazole compound. At this time, the 
sulfonic acid group and/orthe phosphonic acid group introduced into the aromatic dicarboxylic acid and/orthe derivative 
thereof may be in the form of a salt such as an alkaline metal. 
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<Aromatic Tetramine, Diaminediol and Diaminedlthiol> 



[0075] While aromatic tetramine, aromatic diaminediol, aromatic diaminedithiol and derivatives thereof employable 
for synthesizing the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group are 
25 not particularly restricted, 2,5-dihydroxyparaphenylenediamine. 4,6-dihydroxymethaphenylenediamine, 2,5-diamino- 
1 ,4-benzenedithiol, 4,6-diamino-1 ,3-benzenedithiol, 2,5-djamino-3,6-dimethyl-1 ,4-benzenedithiol, 1 ,2,4,6-tetraami- 
nobenzene, 3,3'-dihydroxybenzidine, 3,3'-diamino-4,4'-diphenylbenzenediol, 3,3'-dimercaptobenzidine, 3,3'-diamino- 
4,4'-dlphenylbenzenedithiol, 3,3'-diaminobenzidine, bis(4-amino-3-hydroxyphenyl) ether, bis(3-amino-4-hydroxyphe- 
nyl) ether, bis(4-amino-3-mercaptophenyl) ether, bis(3-amino-4-mercaptophenyl) ether. 3,3'.4,4'-tetraaminodlphenyl 
30 ether; bls(4-amlno-3-hydroxyphenyl) thioether. bis(3-amino-4-hydroxyphenyl) thioether, bis(4-amino-3-mercaptophe- 
nyl) thioether, bis(3>amino-4-mercaptophenyI).thioether, 3,3\4,4'-tetraaminodihpenyl thioether, bis(4-amino-3-hydrox- 
yphenyl)sulfone, bis(3-amino-4-hydroxyphenyl)sulfone, bis(4-amino-3-mercaptophenyl)sulfone, bis(3-amino-4-mer- 
captophenyl)sulfone, 3,3',4,4'-tetraaminodiphenylsulfone, 2,2-bis(4-amino-3-hydroxyphenyl)propane, 2,2-bis(3-ami- 
no-4-hydroxyphenyl)propane, 2,2-bis(4-amino-3-mercaptophenyI)propane. 2,2-bls(3-amino-4-mercaptophenyl)pro- 
35 pane-r- 2,2-bis(3,4-diaminophenyl)propane, bis(4-amino-3-hydroxyphenyl)methane, bis(3-amino-4-hydroxyphenyl) 
methane, bis(4-amino-3-mercaptophenyl)methane, bis(3-amino-4-mercaptophenyi)methane, bis(3,4-diamonophenyl) 
methane, 2,2-bis(4-amino-3-hydroxyphenyl)hexafluoropropane, 2,2-bis(3-amlno-4-hydroxyphenyl)hexafluoropro- 
pane,2,2-bis(4-amino-3-mercaptophenyl)hexafluoropropane,2,2-bis(3-amino-4-mercaptophenyI)hexafluoropropane, 
2,2-bis(3,4-diaminophenyl)hexafluoropropane, 2,2-bis(4-amino-3-hydroxyphenyl)ketone, 2,2-bis(3-amino-4-hydroxy- 
phenyl)ketone, 2,2-bis(4-amino-3-mercaptophenyl)ketone, 2,2-bis{3-amino-4-mercaptophenyl)ketqne, 2,2-bis(3,4-di- 
aminophenyl)ketone, bis(4-amino-3-hydroxyphenoxy)benzene, bis(3-amino-4-hydroxyphenoxy)benzene, bis(4-aml- 
no-3-mercaptophenoxy)benzene, bis(3-amino-4-mercaptophenoxy)benzene and bls(3,4,-diaminophenoxy)benzene 
and derivatives thereof can be listed, for example. 

[0076] As specific examples of the derivatives of these aromatic tetramines, aromatic diaminediols and aromatic 
45 diaminedithiols, salts with acids such as hydrochloric acid, sulfuric acid and phosphoric acid can be listed. While these 
■ compounds may be singly used, it is also possible to simultaneously use a plurality of such compounds. Further, these 
compounds may contain a well-known antioxidant such as tin (II) chloride or a phosphorous acid compound if necessary. 



<Aromatic Dicarboxylic Acid Having Sulfonic Acid Group> 



[0077] Aromatic dicarboxylic acid having sulfonic acid group and derivative thereof employed for synthesizing the 
inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group are not particularly re- 
stricted but a compound having one to four sulfonic acid groups in the aromatic dicarboxylic acid can be preferably 
used. As specific examples, aromatic dicarboxylic acids having sulfonic acid group such as 2,5-dicarboxybenzenesul- 
55 tonic acid, 3,5-dicarboxybenzenesulfonic acid, 2,5-dicarboxy-1 ,4-benzenedisulfonlc acid, 4,6-dicarboxy-1 ,3-benzene- 
disulfonic acid and 2,2'-disulfo-44'-biphenyldicarboxylic acid and derivatives thereof can be listed. 
[0078] As sulfonic acid derivatives of such aromatic dicarboxylic acid materials having sulfonic acid groups, alkaline 
metal salts of sodium, potassium and the like and an ammonium salt can be listed. While these compounds may be 
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[0079] The purity of aromatic dicarboxylic ao d s^Z . ' ""^^^^^'V' 

po ybenza.o,e compound is not particularly res t^e^ a La 1 98 ' l°ZrT'' ^^"'^^^^^'^^ inver,tive 
able. A polybenzazole compound polymerized from a r™,.lf«r ^'^^^'^"'^ ^"=1 'east 99 % is more prefer- 
group exhibits such a tendency that L <iegree ZolZZaZTllZlZ''" "^^^'"^ '^"^'^^ add 

d carboxylic acid having neither sulfonic ac^ group nnhostho J^^ S?"" '''' ' ^^'^ °f e'-P'oying aromatte 

^o^n^poVben^^^^^ 
SnTalter::;t:~^^^^^ 

acid group to be employed for synthesTzin TttreX^nza^^^^^^^^^^ ^^""^ P^-p'"' 
Phosphonic aad group. Aromatic dicarboxylic acid hav^nnfith I ^on^Pound having sulfonic acid group and/or 
With aromatic dica^oxylic acid having suS ac^^^^^^^^^^^^ 

acids reported as starting materials for polyestS s2ch L terlhS^^ ^^^^^^^ aromatic dicarboxyl c 

acd, diphenyl ether dicarboxylic acid. ^P^e^^'ZtZZZ^l^^^^^ "^P-^thalenedicarboxJ c 

compounds. Further, these oompluSmLr^^^^^^^^^ '° simultaneously use a plurality of such 

acid compound if necessary. °"'^'"^'^^"-'^"°^"«"»'°^''^«"t«"chastin(ll)chlorideoraphoVh^ 

=io rr;;2 .... .or phosphomc a^d group 

teast 20 mol % In the total aromatic dicarboxylictrd ^or^to dirir '° at 

sulfonrcacd group into the inventive polybenzazole cornnonnH > ,1 ^ ^"^"^^ ^"^'"^^ by introducing the 

xyhcacidhavingsulfonicacidgroupsothLhecontnr^^^^^^ 
ac,d havmg sulfonic acid group is less than 20 m^tS thLre is such ffenr^ 

Polybenzazolecompoundissoloweredthatthecompound^ruS^^^^^^^^^^^^^ 
<Aromatic Dicartx,xylic Acid having Phosphonic Acid Group> 

Een^p;-^^^^ 

SalttTsSr^o^sir^^^^^^^^ acid having phosphonic acid group a.aline 

Singly used, ft is also possible to simultlne s"' " a Z: rof'tr ''''' -^p'-'^ S " 

contain a well-known antioxidant such as tin (II) cWoride or « I k °°'^P°""'*S- ^"rther. these compounds may 
[0085] While the structure of aromatic dicarbox^lSl P^°^P^°'°^^ acid compound ,f necessary ^ 
aromatic dicarboxylic acid having a P^en^hosph^^^^^^^ Phosphonic acid group is not restricted to the above 

[0086] Thepurityof aromaticdLSSdravronhn T ^"^^^^ Preferable. " 

polybenzazo,e compound is not particul^yritJr 

able. A polybenzazole compound polvmerized Jrr^m = '° Preferable and at least 98 % is more orefer 

acidgroup exhibits such a tendencyThS^degrofoZT^^^^^^^^ °' ."""""''^ -''^ having phosp on" 

dicarboxylic acid having neither sulfonic acid qrouo no^ ^ h " ^ °^ employing aromatic 

preferable to employ aromatic dicarbox^^^iracid hal^lo ? " ^^"^^^ raw material, and hence ft s 

the purity of aromatic dicarboxylic acidtlsMhan 97 ? 1°^ "'''""""^ •^'S^-^ Possib e "ritj If 

Of he Obtained polybenzazole compound is s^iwered t^at the comL' h""'""' '''' '^^'^^ Polymerization 
polymer electrolyte. compound is unsuttable as the material for a solid 

'P^^^n:.::zz:::Z'~ ^ .»„p ™, 
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group and/or phosphoni<^J^ group. Aromatic dicarboxylic acid having neithei^^^nic acid group nor phosphonic 
acid group usable with aromatic dicarboxylic acid having phosphonic acid group is not particularly restricted but general 
aromatic dicarboxylic acids reported as starting materials for polyesters such as terephthalic acid, isophthallc acid, 
naphthalenedicarboxyiic acid, diphenyl ether dicarboxylic acid, diphenylsulfonedicarboxylic acid, biphenyldicarboxylic 
5 acid, terphenyldicarboxylic acid, 2,2-bls(4-carboxypheny[)hexafluoropropane or the like can be used. 

[0088] While these compounds may be singly used, it is also possible to simultaneously use a plurality of such 
compounds. Further, these compounds may contain a well-known antioxidant.such as tin (II) chloride or a phosphorous 
acid compound if necessary. 

[0089] When using aromatic dicarboxylic acid having neither sulfonic acid group nor phosphonic acid group with 
10 aromatic dicarboxylic acid having a phosphonic acid group for synthesizing the inventive polybenzazole compound, it 
is possible to clarify an excellent effect attained by introduction of the phosphonic acid group into the inventive poly- 
benzazole compound by compounding aromatic dicarboxylic acid having phosphonic acid group so that the content 
thereof is at least 20 mol % in the total aromatic dicarboxylic acid. In order to derive a salient effect attained by intro- 
ducing the phosphonic acid group into the inventive polybenzazole compound, it is further preferable to compound 
15 aromatic dicarboxylic acid having phosphonic acid group so that the content thereof is at least 50 mol %. If the content 
of aromatic dicarboxylic acid having phosphonic acid group is less than 20 mol %, there Is such a tendency that the 
conductivity of the Inventive polybenzazole compound is so lowered that the compound is unsuitable as the material 
for a solid polymer electrolyte. 

[0090] While the aforementioned aromatic dicarboxylic acid having sulfonic acid group and the aforementioned ar- 
omatic dicarboxylic acid having phosphonic acid group may be singly used respectively, these materials may alterna- 
tively be copolymerized thereby synthesizing the inventive polybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group. 

[0091] While the aforementioned aromatic dicarboxylic acid having sulfonic acid group and the aforementioned ar- 
omatic dicarboxylic acid having phosphonic acid group may be used alone^ these materials may alternatively be co- 
polymerized with aromatic dicarboxylic acid containing neither sulfonic acid group nor phosphonic acid group thereby 
synthesizing the Inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group. 

<Method of Synthesizing Polybenzazole Compdund> 

30 [0092] A method of synthesizing the polybenzazole compound having sulfonic acid group and/or phosphonic acid 
group-by employing at least one compound selected from the aforementioned group consisting of aromatic tetramine, 
aromatic diaminediol. aromatic diaminedithiol and derivatives thereof and at least one compound selected from the 
group-consisting of aromatic dicarboxylic acid and a derivative thereof (both are hereinafter simply referred to as ma- 
terial monomers) is not particularly restricted, but the compound can be synthesized by dehydration and cyclizing 
35 polymerization with a solvent of polyphosphoric acid described in J. F. Wolfe, Encyclopedia of Polymer Science and 
Engineering, 2^ Ed., Vol. 11 , R 601 (1 988), for example. Further, it is also possible to apply polymerization according 
to a similar mechanism employing a mixed solvent system of methanesulfonic acid and phosphorus pentoxide in place 
of polyphosphoric acid. In orderto synthesize a polybenzazole compound having high themrial stability, polymerization 
employing generally used polyphosphoric acid is preferable. 
40 [0093] In orderto obtain a polybenzimidazole compound as the inventive polybenzazole compound, it is also possible 
to use a method of synthesizing a precursor-polymer having a polyamide structure or the like through reaction in a 
proper organic solvent or in the form of a mixed material monomer melt and converting the same to a target polyimi- 
dazole structure by subsequent cyclization through proper heat treatment or the like, for example. 
[0094] While the reaction time for synthesizing the inventive polybenzazole compound is not unconditionally definable 
in consideration of the optimum reaction time depending on combination of the monomers, the themrial stability of the 
otjtained polybenzazole compound may be lowered in a system containing a monomer such as aromatic dicarboxylic 
acid having sulfonic acid group and/or phosphonic acid group in generally reported reaction over a long time, and the 
reaction time is preferably reduced in the range capable of attaining the effects of the present invention in this case. 
A polybenzazole compound having a large quantity of sulfonic acid groups can also be obtained with high thermal 
50 stability by reducing the reaction time. 

, [0095] While an optimum reaction temperature for synthesizing the inventive polybenzazole compound is not un- 
conditionally definable because the optimum reaction temperature depends on the combination of monomers, it may 
be impossible to control the content of sulfonic acid groups and/or phosphonic acid groups in the obtained polyben- 
zazole compound the reaction is carried out at a high temperature as reported in literature and the reaction temperature 
55 is preferably lowered in the range capable of attaining the effects of the present invention in this case. Control of the 
content of sulfonic acid groups and/or phosphonic acid groups in a polybenzazole compound may be possible by. 
reducing the reaction temperature to some extent when the content of these groups is large. 

[0096] When the inventive polybenzazole compound is a copolymer of these material monomers, the repeating units 
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lence and further adding monomer mLr^ls ftrad usZ T '^^'^P^^nding ratios displacfnglq^i^- 

reference to a second component. '^°"iPO"nding ratios to match equivalence also wTh 

<Mo.ecular Weight and Inherent Viscosity of Polybenzazole Compound> 

compound due to reduction of viscosity. If this mo/ecilar weiS.?^ ? ^he polybenzaz^L 

LdgL~l^^^^ 

orSr H " "'''"""^ moVe prefe^ at '^asT 0 40 '^^T ^""""'^ ™« '"herem 

rarrrf::rh~sCeTsr7fr"^^ 

Po.yben.a.o,ecompounTdT^^^^^^^ 

nTr;' '^°'"P°""'^ ''"^ to increase of the visco;i,v ^^"^^"^ 1°. 

it is difficult to mold 

[0103] If this inherent viscosity is less than J^nK^ 1^ """'^'^^"^ 

Polybenzazole compound due t^o rel^u JLn'of t e vi^^^^^^^^^ ^ 7 '^'"^ "-"^ --"ent properties from the 

the po^benzazole compound due to increase of the vfecosltj. ^''^^^^^ « dW^^^lt to mold 

35 <Conductlviiy of Polybenzazole Compound> 

« sSri '^^'"9 -'f-- -'<^ grour'ateS^^^^ eluding an aroma c 

ro OS specification) exhibitsTurther exceHent on ° f ^ P^'V^'^^^a^o'e compound having 

rOIOSJ In addition to the aforementioned basic propertief^e rnl '^^"^"'^tivity in particular. ^ 

having sulfonic acid group and/orphosphonicaciS^^^^^^^^^^ 

tS if orif T ''^''"'"'^ ""^^^ conditions Of 80»c and 95 ^ rh rT' '^^^'^^^^^ "'^^ Wing 

5 ^ '^"'^ '^^"^ ° S/cm, and more preferablv aTl,t n°no i "'"^P'^ ^^^^^^^^ t° conduc 

measuring method described later (the conductivir^ L ^ if ^ the conductivity is measured bv!, 

conductivity is preferably not more tian 1 0 S a^'nd^^^^^^^ ^ measuring method) Sis 

[01 06] If this conductivity is less than 0 01 «?/rm ,T P'^^^'^^^'V not more than 0,90 S/cm 
attained when the compound is used a" the mt^^ria I oT: ^ondtr ''"'T"^ '''' -«ity cannot be 

quantity of sulfonte acid groups and/or sulfonic acTd Souos ' ' t h"'"'' ^'T""^^ "^"'^"'^"^ '"^1 cells An exce^ 
hat this conductivity exceeds 1 .0 S/cm, and there Is suc^ a tZt 1^°''""^' '"^^ polybenzazole compound so 
the compound is used as the materia, forasolidp:^:^^^^^^^^^ 
<Polybenzazole Compound Having Sulfonic Acid Group> 
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[01 08] Further, it is mo^^^erable if the inventive polybenzazole compound irl^^ps a benzoxazole bond unit and/ 
or a benzothiazole bond unit and includes, an aromatic dicarboxylic acid bond unit having at least one sulfonic acid 
group in molecules while Inherent viscosity measured In a methanesulfonic aid solution is at least 0.1 dl/g and con- 
ductivity is at least 0.3 S/cm In addition to the aforementioned basic properties. In this case, the Inventive polybenzazole 
compound Is further preferably usable as the material for the solid polymer electrolyte membrane employed for fuel 
cells. 

[0109] It is further preferable if the Inventive polybenzazole compound includes bond units expressed in the following 
formulas (1) and (2) In a molar ratio n"':(1- - n"') as components and the molar ratio satisfies an expression 0.5 < n"" < 
1 .0 in addition to the aforementioned basic properties. In this case, the Inventive polybenzazole compound is more 
preferably usable as the material for the solid polymer electrolyte membrane for fuel cells. If is less than 0.5 in this 
case, there is unpreferably such a tendency that the conductivity is reduced: 
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(S03H)^1 . 
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where represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A"" and represents 
a bivalent bond unit expressed in either one of the following formulas (3) and (4) in each of the formulas (1) and (2). 
A^ and A^ may be Identical to or different from each other: 
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Where X represents either S atom or O atom In each of the fomiulas (3) and (4). 

[0110] In this case, the sulfonb acid group may be partially in the form of a salt such as an, alkaline metal in the 
formula (1) so far as the conductivity is within the preferable range in the present invention. While the bivalent aromatic 
bond unit B"" in the formula (1 ) is not particularly restricted, a p-phenylene group, an m-phenylene group, a naphthalene 
group, a diphenylene ether group, a diphenylenesulfone group, a biphenylene group, a terphenyl group, a 2,2-bis 
(4-carboxyphenylene)hexafluoropropane group or the like can be listed, for example. 

[0111] Among these bivalent aromatic bond units, the p-phenylene group is particularly preferable. Further, A"" and 
A2 are preferably identical to each other, and more preferably in the structure expressed in the above formula (3). 
[0112] In addition, it is more preferable if n"" is at least 0.75. Further, it is more preferable if m'^ is 1 or 2. When 
satisfying these conditions, the inventive polybenzazole compound is further preferably usable as the material for the 
solid polymer electrolyte membrane for fuel cells. 



cPolybenzazole Compound Having Phosphonic Acid Group> 



55 



[0113] The inventive polybenzazole compound is further preferable also when satisfying such conditions that the 
same is a polybenzazole compound including an aromatic dicarboxylic acid bond unit having phosphonic acid group 
as a component (also simply referred to as a polybenzazole compound having phosphonic acid group in this specifi- 
cation) and the conductivity is at least 0.001 S/cm in addition to the aforementioned basic properties. Also in this case, 
the Inventive polybenzazole compound has excellent Ion conductivity, and is further preferably usable as the material 
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rniiifi ■^ ^^ ^^^"-"«='fieTorTue( cells ^^^V 

<Solubility in Organic Solvent> 

™ma,n,n9 aabte pertomanc. Whan the polybanzLo t ^ "> ' ««t,„ly„ mamb am 

garde. . p„,>™,e ^^Z 3S^an.^°°"^°^^^^ «P o.n ^ . 

Li„°rrrCpC;,:rrrr/rr:"^^ 

membraoa. If me solubdilj, of lha Inventlva oolvbenza^^^!? ' " '"^ """"S'^^us solid polymer elect^elv.!. 
P^=P-..-b...aa,..,.a.™pol,ba.^-Cr=rS:r^^ 
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is further preferably usab^j^he material for the solid polymer electrolyte meni^^^ for fuel cells: 



(S03H)„2 




10 



(6) 
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where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A"^ represents 
a bivalent bond unit expressed in either one of the following formulas (7) and (8) in each of the formulas (5) and (6). 
A3 and A^ may be Identical to or different from each other. 
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[0123] The Inventive polybenzazole compound is further remarkably preferable If the same includes bond units ex- 
pressed in the following formulas (9) and (10) in a molar ratio n3:(1 - n^) as components and the molar ratio satisfies 
an. expression 0.85 S n^ < 1 .0 while the compound satisfies such a condition that sulfonic acid groups in the form of 
alkaline metal salts are not more than 10 rriol % among ail sulfonic acid groups in addition to the aforementioned basic 
properties. In this case, the inventive polybenzazole compound exhibits excellent solubility in dimethylsulfoxide, and 
is further preferably usable as the material for the solid polymer electrolyte membrane for fuel cells: 
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Where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following formulas (11) and (12) in each of the formulas (9) and 
(10). A5 and A® may be identical to or different from each other. , 
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<Mass Reduclion by Water lmmersion> 



(S03H)„4 




(13) 



45 



SO 



where m4 represents an integer of 1 to 4 B4r^nro. . u- 
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Where X represents either S atom or O atom in each of the formulas (15) and (16). 

[0128] The aforementioned inventive polybenzazole compound characterized in that mass reduction by water im- 
. mersion is small is further preferable if the same is a polybenzoxazole and/or polybenzothiazole compound having a 
sulfonic acid group and satisfies such a condition that the conductivity is at least 0.3 S/cm in addition to the aforemen- 
tioned basic properties. In this case: as the inventive polybenzazole compound having small mass reduction by water 
immersion simultaneously shows high conductivity, the same can be regarded as a polybenzazole compound partic- 
ularly excellent in water resistance and ion conductivity, and is further preferably usable as the material for the solid 
polymer electrolyte membrane for fuel cells. 

[0129] The aforementioned inventive polybenzazole compound characterized in that mass reduction by water im- 
mersion preferably has at least 1 .5 meq/g of sulfonic acid groups in molecules, and more preferably has at least 2.5 
meq/g of sulfonic acid groups in molecules In addition to the aforementioned basic properties. In this case, as the 
inventive polybenzazole compound having small mass reduction by water immersion simultaneously shows high con- 
ductivity, the same can be regarded as a polybenzazole compound particularly excellent in water resistance and ion 
conductivity, and is further preferably usable as the material for the solid polymer electrolyte membrane for fuel cells. 
[0130] Further, the aforementioned inventive polybenzazole compound characterized in that mass reduction by water 
immersion is small is further preferable if the same contains at least 2.5 meq/g of sulfonic acid groups and/or phosphonic 
acid groups in molecules, mass reduction by water immersion at 25*'C is not more than 5 % (w/w) and solubility in 
dimethylsulfoxide under a 40°C condition is at least 1 % (w/w) in addition to the aforementioned basic properties. 
[0131] In this case, the inventive polybenzazole compound can be regarded as a polybenzazole compound partic- 
ularly excellent in processability and water resistance, and is further preferably usable as the material for the solid 
polymer electrolyte membrane for fuel cells. Among such polybenzazole compounds, a polybenzazole compound hav- 
ing at least 2.5 meq/g of sulfonic acid groups in molecules is particularly preferable. 

[01 32] The aforementioned inventive polybenzazole compound having both water resistance and solubility in dimeth- 
ylsulfoxide is further preferable if the same is the polybenzazole compound according to claim 20 including bond units 
expressed in the following fomnulas (1 7) and (1 8) in a molar ratio r^^:(^ - n^) as components with the molar ratio satisfying 
an^expresslon 0.85 < < 1.0 in addition to the aforementioned basic properties. In this case, the inventive polyben- 
zazole compound is particularly excellent in processability and water resistance, and further preferably usable as the 
material for the solid polymer electrolyte membrane employed for fuel cells: 
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where represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A^^ represents 
a bivalent bond unit expressed in either one of the following formulas (19) and (20) in each of the formulas (17) and 
(18). A® and A''^ may be identical to or different from each other: 
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compound exhfbiting excellem perfo^ance alsZion TJ^ °' ^* ^ polybenzazole 

and is further preferable. °" conductivity ,n addition to processability and water resistance, 

<Mass Reduction by Heat> 

phosphonic acid group is generally inferior in themS Snity ^ ^ '"^ """""'^ 9^°"P ^"'^^^ 

- group! c^^:^:^;:::^::'::^: '^"^-"^ " ^^"-^^ ^^'^ ^-^^^ ancorphosphomc a.^ 

and/or phosphonfc acid groupsln hlT^rer havirij^fo^ "'^'^ °' ^"''""''^ groups 

a thernna, decon.position^e:peratursr e^^^^^^^^ 

groups is increased. No technique capable of solving tWs Droblem «t «! r , and/or phosphonic acid 

and obtaining a polymeric material excellenVirSfn T f f ''^^ heretofore disclosed, 

for a solid polymer electrolyte mern"rn^erraS a " u^^^^ T''^""' ^^^^^^'^ a materia; 

[0136] On the other hand the Inventive oThT..! , ^'''''^'^ 

group is excellent in therr^a s^brty tL t^^^^^^^^^^ '""'"^ ^"'^"""^ ^'^'^ 9~"P P'^osphonic acid 

0.01 S/cm and the temperature at wLh 3 ormassreS^^^^^^^ conductivity is at least 

(also abbreviated as tSa in this spectatilTJimr^^^^^^ ^^/^f 200»C in them,ogravimet^ 

30 fication) is at least 370°C in addition to the aforemenlnlw htt I ^ reduction temperature in this speci- 
further preferably at least 400»C, and most S'^ratteas^^^^^^^^^^ ' "^^^ ^^-P-^* 

Lce7s fur^pr:Sab; Sra^trm^^^^^^^^^ -n^-tivity and heat resist- 

regarded as an answer to the aforerienrnerp'^^^^^^^^ "'"'"'^ 

slel'^rS^^^^^^^ thermal stabi.i^ is fu^her preferable if 

temperature is at least 4O0'C in add'tion^o thTa^ erntS>n;d llT ' ^''^ ^ "^^^^ ^^^uction 

is further preferably at least 420»C. and mosfpSrb; 2 east^:^^^^^^^^ ' ^^^^^^^ ^^P-ture 

compound particularly excellent in ion conductivity and heat resistanc^ it ri , L''^ '"^^""^^ polybenzazole 
thesolidpolymerelectrolytemembraneforfueSsandcaTbe^^^^^^^^^^^^^ 

not solved by the prior art regarded as an answerto the aforementioned problem 

theinventivepolybenzazolecompoundrpa^^S^^ve^^^^ ^^^her preferable. In this case, 

a high temperature, and is funher prSly usS^^^ durability/stability unde 

cells. It can be said further preferable If po^inzazole a^^nn lV membrane for fuel 

the excellent solubility in NMP. Polybenzazole compound is a polybenzimidazole compound In addition to 

ititJ teUirursrowsTh^ ^i^T^sr::'^ r''°"" ^'^^"^-^ ^-'"^ p— 

-sameis excellent also in .nconduct^r^L^drbil^^^^^^^^^^^^ 
<Polybenzimidazole Compound Having Sulfonic Acid Group> 
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where represents an integer of 1 to 4, Ar represents an aromatic bond unit, X"" represents at least one selected 
from a group consisting of -0-, -SO2-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent bond unit in 
each of the formulas (21) and (22). 

[0142] If n^ = 1 .0, the Inventive polybenzazole compound forms a homopolymer that all repeating units contain sul- 
fonic acid groups. In the aforementioned pofybenzimidazole compound having sulfonic acid. group excellent also in 
solvent resistance and mechanical strength along with durability/stability at high temperatures, it is difficult to hold high 
ion conductivity while holding water resistance if m^ > 4. 

[0143] While aromatic tetramines capable of serving as monomers for the benzimidazole bond units having the 
structures expressed In each of the formulas (21) and (22) is not particularly restricted, 3,3'-4,4'-tetraminodiphenyl 
ether, 3,3'-4,4-tetramlnodiphenylsulfone, 2,2-bis(3,4-diaminophenyl)propane, 2,2-bis(3^4-diaminophenyl)hexafluoro- 
propane. bis(3,4,-cllaminophenoxy)benzene and the like and derivatives thereof can be listed, for example. As specrfic 
examples of these derivatives, salts with acid such as hydrochloric acid, sulfuric acid and phosphoric acid can be listed. 
[0144] While these aromatic tetramines may be singly used, it is also possible to simultaneously use a plurality of 
such materials. Further these aromatic teramines may contain a well-known antioxidant such as tin (II) chloride or a 
phosphorous acid if necessary. 

[0145] Aromatic dicarboxylic acid having sulfonic acid group capable of forming the monomer for the benzimidazole 
bond unit having the structure of the formula (21) is not particularly restricted but compounds containing one to four 
sulfonic acid groups in aromatic dicarboxylic acid can be used, 

[0146] As specific examples, aromatic dicarboxylic acid having sulfonic acid such as 2,5-dicarboxyben2enesulfonic 
acid, 3,5-dicarboxybenzenesulfonic acid, 2,5-dlcarboxy-1 ,4-benzenedisulfonic acid, 4,6-dlcarboxy-1 ,3-benzendisul- 
fonic acid and 2,2'-disulfo-4,4'-biphenyldicarboxylic acid and derivatives thereof can be listed. As specific examples of 
these derivatives, salts with alkaline metal such as of sodium and potassium and an ammonium salt can be listed. 
[0147] While such aromatic dicarboxylic acid having sulfonic acid group may be singly employed, it is possible to 
synthesize the Inventive polybenzazole compound by reacting the aromatic dicarboxylic acid with aromatic dicarboxylic 
acid having no sulfonic acid group capable of forming the monomer for the benzimidazole bond unit having the structure 
of the fomnula (22) in the fomn of copolymerization. 

[0148] While aromatic dicarboxylic acid having no sulfonic acid group employable for synthesizing the inventive 
polybenzazole compound along with such aromatic dicarboxylic acid having sulfonic acid group is not particularly 
restricted, it is possible to use general aromatic dicarboxylic acids reported for the preparation of polyesters such as 
terephthalic acid, isophthalic acid, naphthalenedicarboxylic acid, diphenyl ether dicarboxylic acid, diphenylsulfonedi- 
carboxylic acid, biphenyldicarboxylic acid, terphenyldicarboxylic acid or 2,2-bis(4-carboxyphenyl)hexafluoropropane, 
for example. 

[0149] The purity of aromatic dicarboxylic acid having a sulfonic acid group is not particularly restricted but at least 
98 % is preferable and at least 99 % is more preferable. This is because a polyimidazole compound polymerized from 
an aromatic dicarboxylic acid having sulfonic acid group exhibits such a tendency that the degree of polymerization is 
lowered as compared with a case of employing aromatic dicarboxylic acid having no sulfonic acid group and hence it 
is preferable to employ aromatic dicarboxylic acid having sulfonic acid group with the highest possible purity. 
[0150] When using aromatic dicarboxylic acid having no sulfonic acid group with aromatic dicarboxylic acid having 
sulfonic acid group, it is possible to clarify an excellent effect of the inventive polybenzazole compound having a sulfonic 
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is not particularly resti^m^ poly{(benz[1 ,2-d:5.4rCl']bisoxazole-2,6-diyl)-1 ,4-!^^lene), poly{{Benz[1 ,2-d:5,4-d'] 
bisoxa2ole-2.6-diyl)-1 .4-phenylene}. poly{benz[1 .2-d:5,4-d']bisthlazole-2,6-dlyl}-1 ,4-phenylene}. poly{(benz[1 ,2-d: 
4,5-d']bisthia20le-2.6-diyl)-1 ,4-phenylene}, poly{(benz[1 ,2-d:5,4-d']bisimidazo!e-2,6-diyl)-1 ,4-phenylene). poly{benz 
{1,2-d:4,5-d'}bisimidazole-2,6-diyl}-1 ,4-phenylene}. poly{2,2'-(p-phenylene)-6.6'-brbenzoxa2ole}. poly{2,2'-(m-phe- 
5 nyIene)-6,6*-bibenzoxa2ole}, poly{2,2'-(p-phenylene)-6,6'-biben2thiazole}, poly{2,2'-(m-phenylene)-6,6'-bibenzthia- 
zole},poly{2,2'-(p-phenylene)-6,6'-biben2imidazole}, poly{2,2'-(m-phenylene)-6,6'-biben2imidazole}. poly(2,6-ben2ox- 
azole), poly(2,5-benzoxazole), poly(2,6-benzthiazole), poly(2,5-benzthia2ole), poly(2,6-benzimlda20le), poly(2,5-ben- 
2imida2ole) and the like can be listed, for exannple. 

[0159] Among these compounds, poly{(ben2[1 ,2-d:5,4-d']bisoxa2ole-2,6-diyl)-1 ,4-phenylene}. poly{(Benz[1 ,2-d: 
10 4,5-d]blsoxazo^le-2.6-diyl)-1 ,4-phenylene}, poly{(benz[1 ,2-d:5,4-d']blsthiazole-2,6-diyl)-1 ,4-phenylene}, poly{(ben2 
[1 .2-d:4,5-d']bisthiazole-2,6-diyl)-1 .4-phenylene), poly(2,6-ben20xazole). poly(2,5-ben2oxa2ole), poly{2,6-benzthla- 
zole), poly(2,5-ben2thiazole) and the like are particularly preferable for the polybenzazole compounds having no Ionic 
group compoundable into the inventive resin composition. 

[0160] The degree of polymerization of the polybenzazole compound having no ionic group compoundable into the 
15 inventive resin composition is preferably such a degree of polymerization that inherent viscosity measured in meth- 
anesulfonic acid is at least 0.5 dl/g, and more preferably such a degree of polymerization that the inherent viscosity is 
at least 1 dl/g. Further, this degree of polymerization is preferably such a degree of polymerization that the aforemen- 
tioned inherent viscosity is not more than 50 dl/g, and more preferably such a degree of polymerization that the inherent 
viscosity is not more than 30 dl/g. Moldability and mechanical properties of the resin composition tend to decrease if 
20 the compound has such a degree of polymerization that the aforementioned inherent viscosity Is less than 0.5 dl/g, 
while processability of the resin composition tends to decrease if the compound has such a degree of polymerization 
that the aforementioned inherent viscosity exceeds 50 dl/g. 

[0161] The content of the polyben2a2ole compound having no Ionic group in the inventive resin composition is pref- 
erably at least 1 mass % with respect to the mass of the overall resin composition, and more preferably at least 10 

25 mass %. This content is preferably not more than 99 mass %, more preferably not more than 50 mass %, and most 
preferably not more than 30 mass %. Moldability and mechanical properties tend to lower if this content is less than 1 
mass.%, while target characteristics for serving as a polymer electrolyte tend to lower If this content exceeds 99 mass %. 
[0162] A well-known arbitrary method can be employed for mixing the inventive polybenzazole compound having 
sulfonic acid group and/or phosphonic acid group and the polybenzazole compound having no ionic group with each 

30 other While the compounds can be dissolved in a proper solvent and mixed with each other, melted/kneaded or pul- 
verized and mixed with each other, the method is not restricted to these. 

[0163] Among these mixing methods, the method of dissolving the compounds in a solvent and mixing the same 
with each other is preferable In consideration of simplicity of preparation steps, the preparation cost and the quality. 
More specif ically, solutions dissolving the compounds may be mixed with each other, or the compounds may be simul- 

35 taneously mixed with each other and dissolved. 

[0164] While an aprotic polar solvent such as N,N-dimethylacetamide, N,N-dimethylformamlde, dimethylsulfoxide, 
N-methylpyrrolidone and hexamethylphosphonamide or strong acid such as polyphosphoric acid, methanesulfonic 
acid, sulfuric acid and trifluoroacetic acid can be employed as the solvent for dissolving the compounds, the solvents 
are not restricted to these. While these solvents may be singly enhployed, a plurality of such solvents may be mixed 

40 with one another and used in a possible range. Further, a solution prepared by adding Lewis acid such as lithium 
bromide, lithium chloride or aluminum chloride into an organic solvent may be employed as the solvent system for 
dissolving. the compounds as means for improving solubility of the compounds. 

[0165] The total concentration of the Inventive polybenzazole compound having sulfonic acid group and/or phos- 
phonic acid group and the polybenzazole compound having no ionic group in the aforementioned solution is preferably 
45 at least 0.1 mass %, and more preferably at least 0.5 mass %. This total concentration is preferably not more than 30 
mass %, and more preferably not more than 5 mass %. Moldability of the resin composition tends to lower if this total 
concentration is less than 0.1 mass %, while processability of the resin compound tends to lower if this total of the 
concentrations exceeds 30 mass %. 

50 <Resin Molding> 

[0166] The inventive resin molding contains the inventive polybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group. 

[0167] In other words, the inventive resin molding can be prepa:red by molding a resin composition containing the 
inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group or a solution obtained by 
dissolving the resin composition into the fonn of fiber or a film by an arbitrary well-known molding method such as 
extrusion, spinning, rolling or casting. 

[0168] Among these molding methods, a method of molding the inventive resin composition from a solution obtained 
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[0173J inhesoVentfordissolvinqthe inventive r«c J "^^^ 

«;e soK^ent by heating or vacuu. d^i^ If trsrHtrs^nT^^^^^^^^ "^"f ^-^-^"^ ^° away 

methanol or acetone. At this time, the solution can be rJo deSfl ' P-'^f^^^ble to immerse the same in waTer 

<Sol,cl Polymer Electrolyte Membrane> 

So a^dToCn^rXr^^^^^^^ '-ntive polybenzazo.e compound having 

xoel, nt^^^^^^^ ao. group an.or phosphonic acid gro.p having 

or the l,ke. Therefore, the inventive solid polymer electofrmlbrr ^" "''"'""^^ membranelr a fueTceS 
IU176J The inventive solid polymer electrnKrfo n^^^J 

[0179J In this case, the thickness of the cast solution /-l. 

|s not particularly restricted but is preferably at .eas/^^^^^^ ^^'^^^^ - - ^ast thickr,ess in this specification) 

[0180] Further, a well-known method can be emolov^^rtw T 5 tf"ckness exceeds lOOO^m 
[0181J A more homogeneous membrane can be obt«il^? J 

so utK>n cast in the aforementioned manner When helZ th ' ^T^''"^ "P""'' ^^"^°-'n9 the solvent from the 
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time or the like. 

[0182] The inventive solid polymer electrolyte membrane, which can be set to an arbitrary thickness in response to 
its object, is preferably as thin as possible in consideration of Ion conductivity. More specifically, the thickness is pref- 
erably not more than 200 n.m, more preferably not more than 50 jim, and most preferably not more than 20 ^m. 

5 [01 83] On the other hand, the inventive solid polymer electrolyte membrane, which can be set to an arbitrary thickness 
In response to Its object, Is preferably as thick as possible In consideration of mechanical strength. More specifically, 
the thickness Is preferably at least 5 ^.m, more preferably at least 1 0 ^m^ and most preferably at least 20 jim. 
[0184] The membrane according to the present Invention is excellent in durability, solvent resistance and mechanical 
properties. For example, deterioration under a high temperature Is small as the durability,.swelling in an acidic aqueous 

10 solution is also small as the solvent resistance, and there is no apprehension of breaking or the like In handling of the 
membrane as the technical properties. Further, the membrane containing the inventive polymer structure as the main 
component can also be utilized as a paint such as binder resin for preparing an assembly of the inventive ion exchange 
membrane and an electrode. 

15 < Solid Polymer Electrolyte Membrane/Electrode Assembly> 

[0185] The resin composition containing the inventive polybenzazole conhpound having sulfonic acid group and/or 
phosphonic acid group can be preferably used in an assembly of a solid polymer electrolyte and electrode catalytic 
layers fonmed by a solid electrolyte membrane and the electrode catalytic layers bonded to both surfaces thereof as 

20 a component of the solid polymer electrolyte membrane/electrode assembly. 

[0186] At this time, the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group 
preferably has at least 1 .5 meq/g of sulfonic acid groups and/or phosphonic groups in molecules in view of ion con- 
ductivity, and particularly preferably has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic groups. 
[0187] The feature of the Inventive polymer electrolyte membrane/electrode assembly resides in that the solid pol- 

25 yelectrolytic membrane and/or the electrode catalytic layers contain the inventive polybenzazole compound having 
sulfonic acid group and/or phosphonic acid group. 

[01 88] In the inventive polymer electrolyte membrane/electrode assembly, both of the solid polymer electrolyte mem- 
brane and the electrode catalytic layers are preferably mainly composed of the inventive polybenzazole compound 
having^sulfonic acid group and/or phosphonic acid group. 
30 [0189] In the inventive polymer electrolyte membrane/electrode assembly, it Is more preferable if a binder bonding 
the solid polymer electrolyte membrane and the electrode catalytic layers to each other contains the inventive poly- 
benzazole compound having sulfonic acid group and/or phosphonic acid group. 

[0190];- Inherent viscosity of the aforementioned binder containing the Inventive polybenzazole compound having 
sulfonic acid group and/or phosphonic acid group In methanesulfonic acid is preferably at least 0.1 di/g, and more 
35 preferably at least 0.3 dl/g. This inherent viscosity Is preferably not more than 30 dl/g, and more preferably not more 
than25dl/g. 

[0191] In the Inventive polymer electrolyte membrane/electrode assembly, conventional perfluorocarbonsulfonic acid 
polyelectrolytes such as "Nafion (registered trademark)" by Du Pont, "Dow Membrane" by Dow Chemical, "Flemlon 
(registered trademark" by Asahi Glass Co., Ltd., "Aciplex (registered trademark)" by Asahi Chemical Industry Co., Ltd., 

40 "Gore Select (registered trademark)" by Gore-Tex or the like or polymer electrolytes containing sulfonated polyether- 
sulfones orsulfonated polyether ketones, polybenzlmidazole Impregnated with strong acid such as phosphoric acid or 
sulfuric acid or the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group can 
be preferably used as the solid polymer electrolyte membrane. Further, a solid polymer electrolyte membrane containing 
a plurality of such polymer electrolyte can also be employed as the polymer electrolyte membrane in the range not 

*5 remarkably damaging ion conductivity. 

[0192] A solid polymer electrolyte membrane prepared by mixing a polymer other than the Inventive polybenzazole 
compound having sulfonic acid group and/or phosphonic acid group may also be employed as the polymer electrolyte 
membrane employed for the inventive polymer electrolyte membrane/electrode assembly. A polyazole polymer having 
excellent compatibility is preferable as the mixed polymer. 

50 [0193] The polymer electrolyte membrane employed in the inventive polymer electrolyte membrane/electrode as- 
sembly can be obtained by dissolving a resin composition containing various types of polyelectrolytes in a solution, 
casting the mixture and thereafter removing a solvent by drying or immersing the mixture in a non-solvent, or by a well- 
known arbitrary molding method of molding such a solution or resin composition by thermal pressing, rolling or extru- 
sion. 

55 [01 94] The thickness of the solid polymer electrolyte membrane employed in the inventive polymer electrolyte mem- 
brane/electrode assembly is preferably at least 5 jxm, and more preferably at least 10 |xm. Further, this thickness is 
preferably not more than 300 |jiTj, and more preferably not more than 1 00 ^m. 

[0195] When molding the solid polymer electrolyte membrane employed In the inventive polymer electrolyte mem- 
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Phonamide, a nitrated compound JuchaS^^^^^ d.methylformam.de. dimethylacetamide or hexamethylphos- 
.fthium Chloride or lithiu. SdeTs adde '^^^^^^^ Lewis aa'd such as a.uminum iio'ride. 

acid, ethanesulfonic acid, chlorosulfonic acid orSrl«^S ^s polyphosphonc acid, sulfuric acid, methanesulfonic 
can be singly used, a plu ality of sucrsolvel ml! k ^ ^'^^'^P'^" ^hile these solvents 

- influenceonLcharaLrisK^^esoC^ ^"?^f.^ -"^^ 
membrane/electrode assembly. electrolyte membrane employed in the inventive polymer electrolyte 

suiris^mTurc:;:?^^^^^^^^^^^ 

improve solubility of the pofyme^Tnd sM^J t^^^^ ^'^^"'^ *° '^"^ P°'^^ order to 

- Pf'onlcacldgroupsintheL^erepoC^^^^^^^ 
a.d group is large, s^^^^ 

between materials obtained ^ZT^JlntT^tZToZl YT^ '"'^ ^""'^ P^'^"^^^ ^'^^^-'Vte membrane 
pound having sulfonic acid group aSphosphonic Srll tf ' '""^"^'^^ polybenzazole com- 

impregna^ng the former wit'h the^atter ird'SSjngThra^^T^n^^^ZeT^"^ "^"^'"^ ^'^^-'^^ 
UmlJet:,;r:^^^^^^^^^^ can also be obtained by holdin, a solid 

the said polymer electrolyte and a catelysnn T 30^^^^^^ ''"'"'"^ homogeneously dispersing 

ethylene terephthalate by repeatinc aco^icJZ ThH T ! ? P^'VP^oPy'^ne. polyethylene or poly 

materials by hot pressing ' "^"^ "^'"^ "'^"^ ''"''"''"^ ^'''^^'^ 'aV^rs inward, and Jointing these 

fSd p'arp~rZ^^^^^^^ —V can also be obtained by applying 

solid polymer electrolyte membrane wrfbrXroaint brS^hr ""'"'^^^ to the 

printing and thereafter drying the so^^nt for Sntina tiTj If ^" ^PP-'^^to-- °' ^ "^-t^od such as spraying or 

electrode materials such as carbon pape and ^^^^--^ ''^ 

methods may be carried out with an'rc'r^rgroupTsriS.^^^^^^^^ V° ^"^^ Paste.Vhese 

same to the original acid by acid treat^enf aterloinfina ft i?^^^^^ ' ^"'"^ ^"^ ''^^^^"^^ ^^'^^"'"9 the 

polymer electrolyte membrane by sputte^ng InhelT '° ''"^^"^ ^'^^ ^^^^^'^^^ *° 

" SUtrroi^rrr^^^^^^^^ 

in the soK^ent or the paste is preferably at leas 0 1 mass y aid ml ' '•^^^"f ""''^ polymer electrolyte 

concentration is preferably not more than 30 mass °/ and morf ^'t.'"^^^'^'"^ ^ "^^^^ F^rtf^^^: this 

[0202] in the inventive polymer JocX^oMe me^lt^^^^^ '^"'^ "'"'^ 2° "^^^^ 
cles of the catalytic rr^etS isTele S^Tx^^^^^ fT""^^' ^ -"^--f-- -^terial carrying fine parti- 

another component. This catalytic m^aHs prefe^Z a^^^^^^^^^ ! ''^'^'^'^ '^y^'^' "^^^ ^°"tain 

another metal such as rhodium%a„adium^ Z irSm oT^hS ^"^ ^"^^ '^"^^ 

EL:?rsL;":rpre:rj^^^^^^^ 

[0204] in the electrode cataMIc lavei emctovrrifortL ' . Preferably not more than 30 nm. 
the quantity Of the catalysrv^rrresSctl^t^^ 

at least 70 mass % ^^^T^S oUW^^^^^^^^^ f '"'"'"^ "^^^ ^"'^ '^^^^ 

more than 500 mass %. ^ " P'^'^'^''^ "^^ '"ore than 1 ,000 mass %. and more preferably not 

copolymer, tetrafluoroethylenehexlSy^n^LS^^^^ 

[0206] While proper hot pressing condit o^s ?or r^old^o Th! ^ ! ^ '"'^'^ ^ «''«"'P'«- 

polymerelectrolytemembrane/electrrdetsemb^ic^^^ '"^^'^ ^"^P'^V^^^ t°^the inventive 
Of hot pressing is preferably at least 1 0o4 and 2: pr^^^^^^ 

Further, the temperature of hot pressinq Is oreferablv nnt ml.! Tk of. !f ' "^^^ '° «><cellent moldability. 

The pressure of hot pressing is priSv a^^al 'MPa a^^^^^^^^^^ '^f ^^"^^^^'"^ "^-^ than250«?. 

Of hot pressing is preferably^not^re th/nTo MPa! r::;.::^^:^^^^^^ I ^^^^^^ 
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<Examples> 




[0207] While the present invention is described In more detail in Examples, the present invention Is not restricted to 
these. 

5 [0208] In this specification, various types of measurements and evaluation tests were carried out as follows: 
(i) Measurement of Inherent Viscosity in Concentrated Sulfuric Acid 

[0209] A sample polymer was dissolved In concentrated sulfuric acid at a concentration of 0.5 g/dl, and viscosity 
10 was measured In a thermostat of 30^C with an Ostwald viscometer for obtaining the inherent viscosity [ln(ta/tb)J/c (ta 
represents the fall time (sec.) of a sample solution, tb represents the fall time (sec.) of a solvent and c represents the 
polymer concentration (g/dl)). 

(li) Measurement of Inherent Viscosity of Solution in Methanesulfonic Acid 

15 

- [0210] A sample polymer was dissolved in methanesulfonic acid at 0.05 g/dl and viscosity was measured with an 
Ubbelohde viscometer under a condition of 25**C. The inherent viscosity was calculated with the formula described 
above. 

20 (Hi) Measurement of Ion Conductivity 

[021 1] Platinum wires (diameter: 0.2 mm) were pressed against the surface of a strip sample on an own-made meas- 
uring probe (made of Teflon) and the sample was held in a themno-hygrostat oven (Nagano Science Equipment Mfg. 
Co., Ltd., LH-20-01) under conditions of 80°C and 95 % RH for measuring complex impedance between the platinum 
25 wires at 10 KHz with 1250 FREQUENCY RESPONSE ANALYSER by SOLARTRON. Measurement was performed 
while varying the distance between wires for calculating conductivity by canceling contact resistance between a mem- 
brane and the platinum wires from a slope plotting the measured value of resistance against the wire distance through 
the following equation: 

30 

conductivity [S/cm] = 1 /membrane width [cm] x membrane thickness [cm] x resistance slope [Q/cm] 

(iv) Measurement of Solubility in N-Methylpyrrolldone 

35 [0212] 1 0.Od g of N-methylpyrrolidone and 0.50 g of a sample polymer were introduced Into a 50 ml of flask, stirred 
in an oil bath at lycc under a nitrogen atmosphere for 3 hours, and filtrated through a glass filter of 1G2. Solubility 
was determined as at least 5 % when no residue was visually recognized on the filter. 

(v) Measurement of Solubility in Dimethylsulfoxide 

40 ' 

[0213] 1 0.00 g of dimethylsulfoxide and 0.1 0 g of a sample polymer were Introduced into a 50 ml of flask, stirred in 
an oil bath at 40°C under a nitrogen atmosphere for 3 days, and filtrated through a glass filter of 1 G2. Solubility was 
determined as at least 1 % when no residue was visually recognized on the filter. 

^5 (vi) Measurement of Mass Reduction by Water Immersion 

[021 4] 1 00 mg of a sample polymer was immersed in 1 0 ml of ion exchanged water at 25**C for 3 days, and a residue 
was filtrated through a glass filter of 1 G2. After the filtration, the filter was vacuum-dried at 80**C overnight-for obtaining 
the mass of the residue from the mass difference before and after the filtration. 

50 

(vil) Evaluation of Hot Water Resistance 

[0215] A membrane sample was Immersed in boiling water for 1 hour, for visually determining whether the form of 
the membrane was changed by swelling or dissolution or not. 

55 - 

(vlii) Evaluation of Durability 

[0216] A sample polymer was immersed In water of lOO^'C In an ample and left for 3 days. The Inherent viscosity 
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(ix) Measurement of 3 % Mass Reduction Temperature with TGA 

SontSrgZp^XIn^^^^^^^^^ ^^^ving sulfonic acid group and/or 

porat-on. The temperature was increased up to ^5oTsX^oZZn T ^T^""^^'^ '^^ ^himadzu Cor- 

remove moisture from the same, and measurement waff, l.^? ' '^^'^^^^''^^ ^^P'e was held for30 minutes to 
When the mass of the sample was reduced by ^4"^^^^^^^^^ S *° ' ''^''"^ 

current temperature was defined as the 3 % mass redmion f^^^^^^^^ *° ^OO-C. the 

(x) Measurement of IR Spectrum 



<Example 1> 



pentoxide) Of polyphosphoric acid (phosphoru pln^^^^^^^^ 

pentoxide were charged In a polymerization veLel * '^^ ^"'^ '^'^^ 9 (°''^56 mol) of phosphorus 

KSLredTt?^^^^^^^^^^ 

enzed for 1 hour, and heated to 200'C and polyme'zod for 4 hou^J Ift ' '"r"^""' '"^^"'^ ' P°'y^- 

wasallowedtocool.pouredintowater.andthepoTmefoi^Ldwit^^^^^^ 
was neutralized. T^^^ 

[0221] The resulting polymer exhibited inherent viscosiiv of 1 "^R m/n in 

resu t of measurement of the IR spectrum of the PolymerS^ifundLtooi^^^^^^^^ ^'^^ ' ^'^"^^ ^ 

Fig. 1 that this is polybenzimidazole containing sulfoT ac d n^ol. L ^ ^P^'^^'""^ shown in 

[0222] Then, 400 mg of the polymer waTmiLd S 4 m ofNMP "^"I *° '^"^ P'^"^"* 
on an oil bath to be dissolved'Th'e obtled so,utrwarc^^.ri\ J ' t"" '''''' '° ' 

about 200 Hm, and NMP was evaporated. The f robtrrferwas oLtn f ' f ' ? " '""^^ ^'^'^ ^ *''*'='<ness of 
overnight and thereafter immersed In acetonetheX 2Sna thr/Ji! Tl ^ P'"'^' vacuum-dried at 80-0 
conductivity. '"^'^^ removing the solvent and employed for the measurement of ion 

[0223] Then, the obtained membrane was subiecteri to rr- a 
.e„...time..tisunderstoodfror^^^^^ 

Se m'errjr ro^I^CSab?^^^^^^^^^^^ °' ' ''' ^"^^^ -"^^'^ °^ ^O^C and 95 RH 
imme^ed in boiling water for 1 ho^'ur no ct ng^of t^^^^^^^^^^^^^^ T'^ "'^^^^^ 

merBing the membrane in water of 100»C for 3 days was 1 37 InH^ ! "^'^"^ '"^^^^^^'^ ^^^^ i"^- 

recognlzed. In addition, even if a thin membrane o? ^o J 10 um In ^l^^ was 

broken in the aforementioned various evaluatton teLte membrane was not 

[0225] Table 1 shows the results of the aforementioned various measurements. 
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Table 1 







Polymer Performance 


Membrane Performance 


5 


Polymer Composition (Molar 
ratio) 


Inlierent 
Viscosity* 1 
(dl/g) 


Durability ((dl/ 

g)*2 


3 % Mass 
Reduction 
Temperature 
(-C) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 




TAS 


STA 












10 


50 


50 


1.35 


i.37 


462 


0.018 


no change 



*1: inherent viscosity measured In concentrated sulfuric add 
*2: inherent viscosity after Immersion/storage In hot water 
*3: visual evaluatbn after immersion In hot water 



15 



<Example 2> 



20 



25 



[0226] A polymer was prepared by polymerization similarly to Example 1 except that STA and terephthalic acid 
(abbreviation: TPA) were employed in place of STA with varying the mixing ratio for attaining 5.389 x 1 Q-^ mol In totial, 
for preparing a membrane and performing various measurement tests and various evaluation tests. 
[0227] As a result of the various measurements, ion conductivity kept stable perfonnance over a long period in every 
sample, and the shape of the membrane was also excellently maintained. Also, even if a thin membrane of about 10 
\im in thickness was prepared, the membrane was not broken in the aforementioned various evaluation tests. Table 2 
shows results of the various measurements. 

Table 2 





Polymer Performance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(dl/g) 


Durability (df/ 

gr2 


3% Mass 
Reduction 
Temperature 

rc) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TPA 


STA 












34 


66 


1.33 


1.29 


478 


0.015 


no change 


' 66 


34 


1.42 


1.42 


485 


0.002 


no change 



30 



35 



40 



*1 : Inherent viscosity measured in concentrated sulfuric add 
'2: inherent viscosity after immersion/storage in hot water 
*3: visual evaluation after immersion in hot water 

^Example 3> 



45 



50 



[0228] A polymer was prepared by polymerization similarly to Example 1 except that 3,5-dicarboxybenzenesulfonic 
monosodium (abbreviation: SIA, purity: 98%) was employed in place of STA, for preparing a membrane and perfomning 
various measurements and various evaluations. 

[0229] Fig. .3 shows the IR spectmm of the obtained polymer measured when adjusting the charging ratio to JPN 
SIA = 66/34. It is understood from the result of the IR spectrum shown in Fig. 3 that this Is polybenzlmidazole containing 
sulfonic acid groups according to the present Invention. 

[0230] As a result of the various measurements, ion conductivity kept stable perfomnance over a long period in every 
sample, and the shape of the membrane was also excellently maintained. Also, when a thin mennbrane of about 10 
\x.m in thickness was prepared, the membrane was not broken in the aforementioned various evaluations. Table 3 
shows results of the various measurements. . 
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Polymer Composition (molar 
ratio) 



Table 3 



Polymer Performance 



Inherent 
Viscosity *1 
(dl/g) 



Durability (dl/ 

g)*2 



3 % Mass 
Reduction 
Temperature 
(-C) 



Membrane Performance 



Ion 

Conductivity 
Conductivity 
[S/cm] 




Hot Water 
Resistance *3 



1: inherent viscosity measured in concentrated sulfuric add 
2: .nherent viscosity after immersion/storage in hot water 
3: visual evaluation after immersion in hot water 

<Example 4> 




50 



55 



.1' '"^'^nt viscosity measured In concentrated sulfuric acid 
2: inherent viscosity after Immersion/storage in hot water 
3: visual evaluation after Immersion in hot water 

<Comparative Example 1 > 

results of the various measurements. aforementioned various evaluation tests. Table 5 siTJs 
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Table 5 







Polymer Performance 


Membrane Perfomnance 


5 


Polymer Composition (molar 


Inherent 


Durability (dl/ 


3% Mass 


Ion 


Hot Water 




ratio) 


Viscosity *1 


gr2 


Reduction 


Conductivity 


Resistance *3 








(dl/g) 




Temperature 


[S/cm] 




10 


TAS 


TPA 














50 


50 


2.11 


2.06 


548 


below 
measurement 
limit 


no change 



*1: inherent viscosity measured in concentrated sulfuric add 
15 *2: inherent viscosity after immersion/storage in hot water 
*3: >Hsual evaluation after immersion in hot water 



<Example 5> 

20 [0235] A polymer was prepared by polymerization similarly to Example 1 except that 1 .05 g (3.773 x 10-3 mol) of 
TAS and 0.598 g (3,557 X 1 0'^ mol) of TPA were polymerized, thereafter the polymerized liquid was temporarily cooled, 
and 0.45 g (1.616 x 10-3 mol) of TAS and 0.491 g (1.832 x 10-3 nnol) of STA were further added for performing 
polymerization again and synthesizing a block copolymer satisfying the ratio TPA/STA = 66/34, for preparing a mem- 
brane and performing various measurements. 

25 [0236] Inherent viscosity of the obtained polymer in concentrated sulfuric acid was 0.86 dl/g and it was possible to 
prepare the membrane by a method similar to that in Example 1 , while ion conductivity under conditions of SO'^C and 
95 % RH was 0.0003 S/cm, i.e., smaller by one order as compared with the polymer of Example 2 having the same 
copolymerization ratio. Also when a thin membrane pf about i 0 iim in thickness was prepared, the membrane was not 
broken in the aforementioned various evaluations. Table 6 shows results of the various measurements. 



30 

Table 6 







Polymer Performance 


Membrane Performance 


35 


Polymer Composition (molar 
ratio) 


Inherent 

Viscosity *1 
(dl/g) 


Durability (dl/ 

gr2 


3 % Mass 
Reduction 
Temperature 

rc) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 




TPA 


STA 












40 


66 


34 


0.86 


0;84 


461 


0.0003 


no change 



*1 : Inherent viscosity measured In concentrated sulfuric acid 
*2: inherent viscosity after Immersion/storage In hot water 
*3: visual evaluatbn after Immersion in hot water 



<Example 6> 



[0237] Various types of polymers were synthesized by polymerization similarty to Example 1 except that 3,3'-dihy- 
droxybenzidine (abbreviation: HAB) was employed in place of TAS and an aromatic dicariDoxylic acid component was 
prepared from STA or SIA. Fig. 4 shows the IR spectnjm of the polymer atTPA/SIA = 34/66. It is understood from the 
result of the IR spectrum shown in Fig. 4 that this is a polybenzoxazole containing sulfonic acid groups according to 
the present invention. 

[0238] Then, 1 .8 g of methanesulfonic acid was mixed with 0.12 g of the synthesized polymer, and stirred with a 
magnetic stirrer for several hours to obtain a solution, and further stirred for several hours with addition of 3 g of a 1 
% (w/w) methanesulfonic acid dope of poly{(benzo[1 ,2-d:5,4-d']bisoxazole-2,6-diyI)-1 ,4-phenylene} (intrinsic viscosity: 
24 dl/g) for preparing a homogeneous solution. 

[0239] The solution obtained was cast onto a glass plate on a hot plate with a thickness of about 225 ^m and left at 
the room-temperature for 1 hour, and the glass plate was thereafter immersed in water. Thereafter the water immersion 
was continued for several days while the water was exchanged by fresh water several times. After the immersion, the 
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"~::::oTo;S Z^::^''''' r ^° ^-'^ -nn^aWina,,. .e was .ne. .V a 
[0240] AS a resu« of varioS m^Tu e^^^^ conductivity measuremem ' 

stable performance over a long period, and thl shaLs o^ he 12""''' ^""^ membranes, ion conductivity kept 
.f a thin membrane of about 10 ^m in ihicknXs was pr^pa^^^ excellently maintained. Als'even 

evaluat.on tests. Table 7 shows results of the va^^us Zsuriien^^ aforementioned 



10 



15 



Table 7 



Polymer Performance 



Polymer Composition (molar ratio) 



Inherent Viscosity *1 

(di/g) 



Menbrane 
Perfonnance 



3 % Mass Reduction 
Temperature (*»C) 



Ion Conductivity [S/cm] 




*1 : inherent viscosity measured in concentmted sulfuric add 

< Example 7> 

Ko.) oS-diLtfboxy^^^^^^ (abbreviation: DAR). ,1.408 g (4,254 x 

mol as phosphorus pentoxide) of poly^^ho phcric ST^^^^^^ 

(0.01021 mol) Of Phosphorus pentoxide we" weighed n a 2^^^^^^^ ^ "^^^ °/») 14.49 g 

sfrnng the same under a nitrogen flow at 70»C £ 0 5 hours m I^O^^Trn ' '"'^"'^ ''^^^ 

for 18 hours and then at 190°C for 7 hours A blark nrL„ * 1 ^ ^* ^^^'^ for 19 hours at 165»C 

into ion exchanged water and rinsed ^^^^^IpH^Z^eZTn^^^ <^°Pe was poureS 

80°C ovemight. *^ ^^'^ neutralized. The polymer obtained was vacuum-dried at 

[0243] Then, 0.1 65 g of the obtained nnhZJT 9'°"P^/«^°^«""9 ^ the present invention. ^ 

.emperature ovemight.^henZ Sal^;^^^^^ ^ c^imethylsulfoxide at the room 

vacuurn-dried at 40»C ovemight and then at SoX^TJaSs rLlaL' f^' T ' °' ^''^"^ ^'^ ^' 

separateamembrane.^ 

^y:f^^;rd%~^^^^^^^^^^ 
:rrrasT3— 

f'Zre'nt h«Srei~^^^^^^^ the obtained membrane was 

condrtions of 80"C and 95 % rh, and the ion oonduS ke^sLbt^^^^^^^^ 

of the membrane was also excellently maintained. Ateo when a Sn m. H f ' ^'"'^ ^^ape 

pared, the membrane was not broken in the aforementrned variT-T °' ' ° ^''''^kness was pre- 

vanous measurements. aforementioned various evaluation tests. Table 8 shows results of the 
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Table 8 





Polymer Performance 


Menbrane 
Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(dl/g) ' 


Ionic Group 
Content 
meq/g 


Mass 
Reduction 
by Water 
Immersion 
(mass %) • 


Solubility in 
Dimethylsulfoxide 


Ion 

Conductivity 
[S/cm] 


DAR 


STA 












50 


50 


1.72 


3.2 


2.3 


over 1 % 


0.75 



10 



15 



20 



25 



30 



*1: inherent viscosity measured in methanesulfonic acid solution 

<Example 8> 

[0246] Polymerization was performed similarly to Example 1 except that 1 0.267 (3.828 x 1 0-2 mol) of STA and 0.707 
g (4.254 X 10-2 mol) of terephthalic acid (abbreviation: TPA) were employed in place of 11.408 g (4.254 x 10-2 mol) 
of STA, for obtaining a deep-green stringy dope. Further, a polymer and a membrane employed for measuring ion 
conductivity were prepared from the obtained dope similarly to Example 7. 

[0247] Measurements and evaluations of the polymer obtained gave the results as follows. Inherent viscosity of the 
obtained polymer in a methanesulfonic acid solution was 1 .77 dl/g. The ionic group content of the polymer was 3.1 
meq/g. No insoluble matter was recognized on a glass filter with the solubility test of the obtained polymer in dimeth- 
ylsulfoxide. Mass reduction of the obtained polymer by water immersion was 2.3 %. 

[0248] Various measurements and evaluations of the obtained membrane gave the results as follows. The membrane 
exhibited ion conductivity of 0.72 S/cm under conditions of 80**C and 95 % RH, and the measured Ion conductivity kept 
stable performance over a long period while the shape of the membrane was also excellently maintained. Also when 
a thin membrane of about 10 |im in thickness was prepared, the membrane was not broken in the aforementioned 
various evaluation tests. Table 9 shows results of the various measurement tests and the evaluation tests. 



Table 9 





Polymer Perfomriance 


Menbrane 
Perfonnance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(dl/g) 


Ionic Group 
Content 
meq/g 


Mass 
Reduction 
by Water 
Immersion 
(mass %) 


Solubility in 
Di met hy isu If oxide 


Ion 

Conductivity 
[S/cm] 


STA 


TPA 












90 


10 


1.77 


3.1 


2.3 


over 1% 


0.72 



*1 : inherent viscosity measured in mettianesulfonic acid solution 



< Example 9> 



[0249] Polymerization was performed similarly to Example 7 except that 7.605 g (2.836 x 1 0-2 mol) of STA and 2.356 
9(1.418x10-2 mol) of terephthalic acid (abbreviation: TPA) were employed in place of 1 1 .408 g (4.254 x 1 0-2 mol) 
so of STA, for obtaining a deep-green stringy dope. Small portion of the obtained dope was poured into ion exchange 
water, and repeatedly rinsed until pH test paper was neutralized. The polymer obtained was vacuum-dried at 80*C 
overnight. 

[0250] 2.00 g of a 1 mass % polyphosphoric acid solution (phosphorus pentoxide content: 84 %) of poly{(ben2o 
[1 ,2-d:5.4.-d']bisoxazole-2,6-diyl)-1 ,4-phenylene) having intrinsic viscosity of 20 dl/g at 25*'C in a methanesulfonic acid 
55 solution was added to the remaining part of the aforementioned dope, and the mixture was further stirred under the 
room temperature for obtaining a homogeneous solution. Then, the obtained solution was cast onto a glass plate with 
a thickness of about 300 \im and kept for 10 minutes, and the glass plate was thereafter immersed in water. Thereafter 
water immersion was continued for several days while exchanging the water with fresh one several times. After the 
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urement was obtained. overnight, and a membrane employed for ion conductivity meas- 

acd under the room temperature was 1 95 d^g ^ ^-O ml of methanesulfonic 

'Sj:^::^:^^^^;:^ - The obtamed mem- 
kept stable perfomiance over a long period S^the shre of th/m'^ '''' ^"'^ "^^^^"^^^ conductivity 
when a thin membrane of about 1 0 ^^ in thickne 1 was o^eoared Ih^T l''"^ "maintained. Also 
various evaluation tests. Table 10 sTows results :f t^:rea«tT^^^ in the aforementioned 



Polymer Composition (molar ratio) 



Table 10 
Polymer Performance 



Inherent 
Viscosity *1 (dl/g) 



STA 



67 



TPA 



33 



Ionic Group 
Content meq/g 



1.95 



•1: inherent viscosity measured in methanesulfonic acid solution 

<Example 10> 



1.8 



Mass Reduction 
by Water 
immersion 
(mass %) 



Membrane 
Performance 



Ion Conductivity 
[S/cm] 



0.6 



0.37 



S ( ~r:ro1s^^^^^^^^^ - ^ (-50 X ,0. mol) o, TPA and 

green stringy dope. Small portion of the obtmnS dope v^st oduLn^fnf K "^"'^ °' « ''^^P" 

empitJfol^r^r^^^^^^^^^^^^^^ 

kept for 10 minutes, and the glass plate was the eiter mme^^^^^^^ ""^^Zn " ''f °' """"^ 

for several days while exchanging the waterwith fresh r^.:™ * .1 immersion was continued 

out and air-dried while fixing the periphetofTm " v^^^^^^^^^ '"T"""' ^ "^""^""^ 

oven at 80=C overnight, and a membrane employed foMorcond^f^iv^ ^' "'^"''"'^"^ -^--ied with a vacuum 



Table 11 



Polymer Composition (molar ratio) 



Polymer Performance 



Inherent 
Viscosity *1 (dl/g) 



M: inherent viscosity measured In methanesulfonic acid solution 



ionic Group 
Content meq/g 




Mass Reduction 
by Water 
Immersion 
(mass %) 



Membrane 
Performance 



Ion Conductivity 
[S/cm] 
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<Example 11 > 

[0257] First, 1 .830 g (6.575 x 1 0*3 mol) of 3.3'-4,4'-tetraminodiphenylsulfone (abbreviation: TAS), 1 .61 8 g (6.575 x 
10-3 fpol) of 3:5-dicarboxyphenylphosphonlc acid (abbreviation: DCP, purity: 98 %), 20.48 g of polyphosphoric acid 
5 (phosphorus pentoxide content: 75 mass %) and 16.41 g of phosphorus pentoxide were weighed and sampled into a 

polymerization vessel. 

[0258] Then, nitrogen was fed into the polymerization vessel and the materials were slowly stirred on an oil bath and 
heated to 110^C. Then, the reaction mixture was held at 110**Cfor 1 hour, thereafter heated to 150®C and polymerized 
for 1 hour, and heated to 200''C and polymerized for 5 hours. After completion of the polymerization, the system was 
10 allowed to cool, and the polymer was taken out with addition of water and repeatedly rinsed in a blender until pH test 
paper was neutralized. The obtained polymer was vacuum-dried at 80°C overnight. 

[0259] Fig. 6 shows the IR spectrum of the obtained polymer. It is understood from the IR spectrum shown in Fig. 6 

that this Is polybenzimidazole containing phosphonic acid groups according to the present invention. 

[0260] 300 mg of the obtained polymer and 2.5 ml of methanesulfonic acid were mixed under the room temperature 

15 and stirred for obtaining a homogeneous solution. The obtained solution was cast onto a glass plate on a hot plate 
with a thickness of about 200 p.m and kept at the room temperature for 1 hour, and the glass plate was thereafter 
immersed in water. Thereafter water Immersion was continued tor several days while exchanging the water with fresh 
one several times. After the immersion, the film was taken out and air-dried while fixing the periphery of film to avoid 
shrinkage. Finally, the film was dried with a vacuum oven at BO°C overnight, and a membrane employed for ion con- 

20 ductivity measurement was obtained. 

[0261] Measurements and evaluations for the obtained membrane gave the results as follows. Inherent viscosity 
measured in concentrated sulfuric acid was 1 .21 dl/g, and a 3 % mass reduction temperature by TGA measurement 
was 440°C. 

[0262] Measurements and evaluations for the obtained membrane gave the results as follows. The membrane ex- 
25 hibited ion conductivity of 0.031 S/cm under conditions of 80**C and 95 % RH and the measured ion conductivity kept 
stable performance over a long period, while the shape of the membrane was also excellently maintained. Also when 
a thin membrane of about 1 0 jxm in thickness was prepared, the membrane was not broken in the aforementioned 
various evaluation tests. Table 1 2 shows results of the various measurements. 

30 Table 12 





Polymer Performance 


Membrane Performance 


Polymer Composition (molar 
^ ratio) 


Inheirent 
Viscosity *1 
(dl/g) 


Durability (dl/ 

g)*2 


3 % Mass 
Reduction 
Temperature 

(OC) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Reisistance "3 


TAS 


DCP 












50 


60 


1.21 


1.19 


440 


0.031 . 


no change 



40 *1: inhefBnt viscosity measured in concentrated sulfuric acid 

'2: inherent viscosity after immersion/storage in hot water 
*3: visual evaluation after immersion in hot water 

<Example12> 

45 

[0263] Polymerization was performed similarly to. Example 1 0 except that DCP and terephthalic acid (abbreviation: 
TPA) were.employed in place of STA while varying the mixing ratio for attaining 6.575 x 10-3 prio! in total, 
[0264] Then, 400 mg of the obtained polymer and 4 ml of NMP were mixed, stirred and heated to 1 VC'C on an oil 
bath to be dissolved. Then, the mixture was cast onto a glass plate on a hot plate with a thickness of about 200 |xm, 
50 and NMP was evaporated. A membrane was separated from the glass plate, vacuum-dried at SOO^C overnight and 
thereafter immersed In acetone to remove the solvent. 

[0265] In the various measurements and evaluations forthe obtained polymers and the membranes, ion conductivity 
of the obtained membranes kept stable performance over a long period, and the shapes of the membranes were also 
excellently maintained. Also even if a thin membrane of about 1 0 fim in thickness was prepared, the membrane was 
55 not broken in the aforementioned various evaluation tests. Table 13 shows results of the various measurements and 
evaluations. 
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Polymer Composition (molar 
ratio) 



Table 13 



Polymer Performance 



Inherent 
Viscosity *1 
(dl/g) 



10 



Durability (dl/ 
g)*2 




3 % Mass 
Reduction 
Temperature 



Membrane Performance 



Ion 

Conductivity 
[S/cm] 



Hot Water Hot 
*3 



1 : .nher^nt viscosity measured in concentrated sulfuric acid 
^2: inherent viscosity after immersion/storage In hot water 
*3: visual evaluation after immersion in hot water 

<ExampIe 13> 

brane ana pertoMng m.asuremen.s ana e„,l™o„„s 

[0268] Measurements and evaluations for thl^h! ^ ? "measurement. 

conduct.^ ot the obtained 0,3^^^ t b S^^^^^^^ 9- the resu«s as fCows. ,on 

was also excellently maintained. Also when a thin mer^brTe of abo.t " ^ "r'L''' ^"'^ ^""^^^ °' ^^-^brane 
was not broken in the aforen^entioned va.ous e.a,uatr3itrrbr^^^^^^^ 



Polymer Composition (molar ratio) 



6FAO 



50 



STA 



50 



Table 14 



Polymer Performance 



Inherent Viscosity *1 
(dl/g) 



3 % Mass Reduction 
Temperature ^C) 




Membrane 
Performance 



Ion Conductivity [S/cm] 



50 



55 



1 . nheren v,scos,ty measured in concentrated sulfuric add 

2. inherent v.scosrty after immersion/storage in hot water 

3. visual evaluation after immersion in hot water 

<Example 14> 

foZ ^rX:^^:;:::^^^^ obtamed m Examp. e. was dissolved in 

and vacuum-dried. After the drying, the mlxtr^l rmmel, Tn TZ^ZT"' T ' ^'"'^ '''' °* ' ^ 
S7 T::n"S 'rZT V""' "^'^^^^"^ '^-'"^ a^S:::^; "^'"'-^"^ -'^-^^-^ ^^-ed for 
w)andtgof.afion^rrit:rSrrS^^^^^^^^^^^ 

dried. The paste wassim'ilar,yap"ie^ :rothers:SL:^^^^ and vaouum- 

[0272, The platinum caroling quantity of thr^in Jl^^^^^^^^^ 

Of this membrane/electrode assembly was 8.6 x 10^^S^ ^ '""^^'"^'^ "^S/cm^. Conductivity 
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<Example 15> 




[0273] 0.2 g of the sulfonated polybenzoxazole obtained In Exannple 6. was dissolved in 20 ml of dinnethylsulfoxide 
at a room temperature. Then, 0.72 g of carbon black (particle diameter: 20 to 30 nm) having a platinum carrying quantity 
5 of 20 % (w/w) was mixed and dispersed unifonnly, thereby the paste was prepared. 

[0274] The obtained paste was applied by screen printing to one surface of a solid polymer electrolyte membrane 
prepared similarly to that In Example 13. and vacuum-dried. The paste was similarly applied also to the other surface 
of the solid polymer electrolyte membrane and vacuum dried. 

[0275] The platinum carrying quantity of the membrane/electrode assembly obtained was 0.5 mg/cm2. Conductivity 
10 of this membrane/electrode assembly was 1 .3 x 10*^ S/cm. 

<Example 1 6> 

[0276] First, 4,4'-biphenyldicarboxylic acid was stirred with 30 % fuming sulfuric acid at 1 20"'C, thereby synthesizing 
15 2,2'-disurfo-4,4'-biphenyldicarboxylic acid (abbreviation: DSBC). Then, the reactive solution was treated with sodium 
hydroxide, for purifying DSBC having sulfonic acid groups in the form of sodium salts. 

[0277] Then, a polymer was prepared by polymerization similarly to Example 1 except that 2.405 g (5.389 x ^0r^ 
mol) of DSBC purified as described above was employed in place of STA, for preparing a membrane and perfomning 
measurements. 

20 [0278] As a result of the various measurements, ion conductivity kept stable perfomiance over a long period in every 
sample, and the form of the membrane was also excellently maintained. Also when a thin membrane of about 10 \jurr\ 
in thickness was prepared, the membrane was not broken in the aforementioned various evaluation tests. Table 15 
shows results of measurements. 

25 Table 1 5 





Polymer Perfonmance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *! 

(di/g) 


Durability (dl/ 

gr2 


3 % Mass 
Reduction 
Temperature 
(-C) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TAS 


DSBC 












- 50 


50 


0.87 


- 0.85 


395 


0.022 


no change 



35 *1 : inherent viscosity measured In concentrated sulfuric acid 

*2: inherent viscosity after immersion/storage in hot water 
*3: visual evaluation after immersion in hot water 

[0279] Embodiments and Examples disclosed this time must be considered as illustrative in all points and not re- 
40 strlctive. The scope of the present invention is shown not by the above description but by the scope of claim for patent, 
and it is intended that all modifications within the meaning'and range equivalent to the scope of claim for patent are 
included. 

Industrial Availability 

45 

[0280] The inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group, which is a 
compound prepared by introducing sulfonic acid group and/or phosphonic acid group into a polybenzazole compound 
having excellent properties in view of processability, solvent resistance, durability, heat resistance and mechanical 
properties, is excellent not only in processability, solvent resistance, durability, heat resistance and mechanical prop- 
so erties but also in ion conductivity. Therefore, the inventive polybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group is preferably usable as a polymeric material for a solid polymer electrolyte membrane. 
[0281] Further, the resin composition containing the inventive polybenzazole compound having sulfonic acid group 
and/or phosphonic acid group, also excellent not only in processability, solvent resistance, durability, heat resistance 
and mechanical properties but also in ion conductivity, is preferably usable as a polymeric material for a solid polymer 
55 electrolyte membrane used in fuels cells or the like. 

[0282] In addition, the resin molding containing the inventive polybenzazole compound having sulfonic acid group 
and/or phosphonic acid group, also excellent not only in processability, solvent resistance, durability, heat resistance 
and mechanical properties but also in ion conductivity, is preferably usable as a polymeric material for a solid polymer 
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(4) 



(X represents either S atom or O atom in each of the formulas (3) and (4)). 

The polybenzazofe compound according to claim 1, including the aromatic dicarboxyiic acid bond unit having 
phosphonic acid group, wherein conductivity obtained by measuring complex impedance when applying a voltage 
of 1 0,000 Hz in frequency under conditions of 80**C and 95 % RH is in the range of 0.001 to 1 .0 S/cm. 

The polybenzazole compound according to claim 1 , Including a benzoxazole bond unit and the aromatic dicarbo- 
xyiic acid bond unit having phosphonic acid group, wherein conductivity obtained by measuring complex imped- 
ance when applying a voltage of 10,000 Hz in frequency under conditions of 80°C and 95 % RH is in the range of 
0.01 to 1.0 S/cm. 



30 



35 



40 



45 



8. The polybenzazole compound according to claim 1 , including a benzimidazole bond unit, wherein solubility in N- 
methyipyrrolidone under a condition of 170*^0 is at least 5 % (w/w) and the inherent viscosity measured in con- 
centrated sulfuric acid is in the range of 0.25 to 10 dl/g. 

9. The polybenzazole compound according to claim 1 , including a benzoxazole bond unit and including the aromatic 
dicarboxyiic acid bond unit having at least one sulfonic acid group in molecules, wherein the inherent viscosity 
measured in a methanesulfonic acid solution is in the range of 0.1 to 50 di/g and solubility in dimethylsuff oxide 
under a condition of 40** C is at least 1 % (w/w). 

10. The polybenzazole compound according to claim 9, Including bond units expressed in the following formulas (5) 
and (6) in a molar ratio - n^) as components, wherein said molar ratio satisfies an expression 0.85 < n^ < l .0 
and sulfonic acid groups in the form of alkaline metal salts are in the range of 0 to 15 mol % among all sulfonic 
acid groups: 



(SO3HW 

aH (5) 




^ // 




n 



50 



55 



-|-B'-A-4, 



(B) 



(m2 represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following formulas (7) and (8) in each of the fonnulas (5) and 
(6). A3 and A'* may be identical to or different from each other). 
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1 1. The polybenzazole compound according to claim I 
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14. -mepolybenzazotecompoundaccordingtoclaiml havinaatlefl^M «; / . 

phon,c acid groups In molecules, wherein reduSion of ZsJLTth.^r' ' ? ^"^^ P^^^" 

water of 25°C for 72 hours. ^^^^ '^^"9® °f 0 to 5 % (w/w) when Immersed in 



15. Thepolybenzazolecompoundaccordingtoclaim 14. including 



bond units expressed in the following fomiulas (1 3) 
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:(1 - n'*) as components, said molar ratio satisfy i^^^expression 0.4 < n"* < 1 .0: 
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(S03H)„,4 
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(13) 



4-B'»-AM-,.n4 (14) 



15 



(wf^ represents an integer of 1 to 4, B"* represents a bivalent aromatic bond unit and each of and A® represents 
a bivalent bond unit expressed in either one of the following formulas (15) and (16) in each of the formulas (13) 
and (14). A^ and A® may be identical to or different from each other). 
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(16) 



(X represents either S atom or O atom In each of the formulas (15) and (1 6)). 

16. The polybenzazole compound according to claim 5, having at least 1 .5 meq/g of sulfonic acid group in molecules,, 
wherein reduction of mass is in the range of 0 to 5 % (w/w) when immersed in water of 25°C for 72 hours. 

17. The polybenzazole compound according to claim 1 , having at least 2.5 meq/g of sulfonic acid groups and/or phos- 
phonic acid groups in molecules, wherein reduction of mass is in the range of 0 to 5% (w/w) when immersed in 
water of 25**C for 72 hours and solubility in dimethylsulfoxide under a condition of 40*'C is at least 1 % (w/w). 

40 18. The polybenzazole compound according to claim 17, including bond units expressed in the following formulas (1 7) 
and (18) in a molar ratio n^:{^ - n^) as components, said molar ratio satisfying an expression 0.85 < n^ < 1 .0: 
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-F (17) 
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(mS represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of A® and A^o represents 
a bivalent bond unit expressed in either one of the following fonriulas (19) and (20) in each of the formulas (17) 
and (1 8). A® and A^° may be Identical to or different from each other). 
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(X represents either S atom or O atom in each of the fom,ulas (1 9) and (20)) 
23. The polybenzazole compound according to claim 2? wh<.r»- 
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^fomiulas(21)and(22)). ^ ^ ^ ^'"'^P'^^sents a bivalent aromatic bond 
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(m^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, - C{CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the formulas (23) and (24)). 

26. The polybenzazole compound according to claim 8, including bond units expressed in the following fomnulas (25) 
and (26) in a molar ratio nS:{1 - n®) as components, said molar ratio satisfying an expression 0.2 < n® < 1 .0: 



(S03H)„8 




(m® represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, - C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the formulas (25) and (26)). 

27. The polybenzazole compound according to claim 1 1 , including bond units expressed in the following formulas (27) 
and (28) in a molar ratio n®:(1 - n®) as components, said molar ratio satisfying an expression 0.2 < n® < 1 .0: 
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containing no fluorine atom. 



34. The polybenzazole compound according to claim 17, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

35. The polybenzazole compound according to claim 21, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

36. The polybenzazole compound according to claim 22, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

37. The polybenzazole compound according to claim 23, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

38. A resin composition containing the polybenzazole compound including the aromatic dicarboxylic acid bond unit 
having sulfonic acid group and/or phosphonic acid group according to any of claims 1 to 37 and a polybenzazole 
compound having no ionic group as main components. 

39. A resin molding containing the polybenzazole compound according to any of claims 1 to 37 as a main component. 

40. A solid polymer electrolyte membrane containing the polybenzazole compound according to any of claims 1 to 37 
as a main component. 

41. A solid polymer electrolyte membrane/electrode assembly including a solid polymer electrolyte membrane and 
electrode catalytic layers jointed to both surfaces of said solid polymer electrolyte membrane as components, 
wherein said solid polymer electrolyte membrane and/or said electrode catalytic layers contain the polybenzazole 
compound according to any of claims 1 to 37 as a component. 

42. The solid polymer electrolyte membrane/electrode assembly according to claim 41, wherein the polybenzazole 
compound forming the solid polymer electrolyte membrane and/or the electrode catalytic layers has at least 2.5 
meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules. 

43. A method of preparing solid electrolyte membrane/electrode assembly including a step of bonding a solid polye- 
lectrolytic membrane and electrode catalytic layers jointed to both surfaces of said solid polyelectrolytic membrane 
to each other with a binder, wherein said solid polymer electrolyte membrane and/or said electrode catalytic layers 
contain the polybenzazole compound according to any of claims 1 to 37 as a component and said binder also 
contains the polybenzazole compound according to any of claims 1 to 37 as a component. 

44. The method of preparing a solid electrolyte membrane/electrode assembly according to claim 43, wherein the 
polybenzazole compound forming the solid polymer ejectrolyte membrane and/or the electrode catalytic layers 
has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules, and the polybenzazole 
compound, forming the binder also has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups 
in molecules. 
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(m''2 represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SO2-, -S-. -CO-, -CH2- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the formulas (35) to (38)). 

31. Amended) The polybenzazole compound according to claim 7, containing a bond unit selected from the fol- 
lowing formulas (39) to (42): 
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i fj^l^nzazole compound according to claim 1 1 , contair^H^t 



33. Amended) The p^^^nzazole compound according to claim 11 , contair^^^bond unit selected from the fol- 
lowing formulas (47) to (50): 
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{m^^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, -CO-, -CHg- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the formulas (47) to (50)). 

34. Amended) The polybenzazole compound according to claim 17, containing a bond unit selected from the 
following formulas (51) to (54): 
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(m''7 represents an integer of 1 to 4, Ar represents an aromatic bond unit; represents at least one selected from 
a group consisting of -0-, -SO2-, -S-. - CO-, -CHg- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group in each of the formulas (55) to (58)). 

15 

36. amended) The polybenzazole compound according to claim 22, containing a bond unit selected from the fol- 
lowing formulas (59) to (62): 
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so 

(m"'8 represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, - CO>, -CHg- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group in each of the formulas (59) to (62)). 

55 

37. Amended) The polybenzazole compound according to claim 23, containing a bond unit selected from the 
following formulas (63) to (66): 
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43. Amended) The ^^j^olymer electrolyte membrane/electrode assemb^^^^rding to claim 42, wherein the 
polybenzazole compound forming the solid polymer electrolyte membrane and/or the electrode catalytic layers 
has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules. 

44, Amended) A method of preparing a solid electrolyte membrane/electrode assembly including a step of bonding 
a solid polymer electrolyte membrane and electrode catalytic layers jointed to both surfaces of said solid polymer 
electrolyte membrane to each other with a binder, wherein said solid polymerelectrolyte membrane and/or said 
electrode catalytic layers contain the polybenzazole compound according to any of claims 1 to 38 as a component 
and said binder also contains the polybenzazole compound according to any of claims 1 to 38 as a component 



45. Added) The method of preparing a solid electrolyte membrane and electrode catalytic layers according to claim 
44, wherein the polybenzazole compound forming the solid polymer electrolyte membrane and/or the electrode 
catalytic layers has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules, and 
the polybenzazole compound forming the binder also has at least 2.5 meq/g of sulfonic acid groups and/or phos- 
phonic acid groups in molecules. 
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